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Abstract 

The role of Dendraster excentricus in the intertidal 
community was investigated using multivariate analyses of 
sampling data and field experiments. 

The infauna inside and outside sand dollar beds on ten 
beaches were sampled, and several statistical techniques 
were used to detect a "sand dollar bed community". Cluster 
analysis did not suggest such a community. Contingency 
tables of co-occurrences revealed no species either 
positively or negatively associated with Dendraster. 


However, the bivalve Transennella tantilla, the tubicolous 
Crustaceans sConcpniumespp., Ampelisce agassizi, sand 


Deprochel iagsavigny il, sand) the polychaetes Glycinde 
polygnatha and Malacoceros arenicola were significantly more 


numerous inside than outside the sand dollar beds, while the 
polychaete Armandia brevis was more abundant inside the 
beds. Significantly fewer tube-building animals occurred 
inside sand dollar beds than outside. 

The infauna at ten stations on one beach were sampled 
quarterly for two years. Cluster and discriminant analyses 
and analyses of variance suggested that the fauna of the 
Sandwdollar bedi stations differed yirom thatvot thesstations 
without Dendraster. Principal component analysis revealed an 
assemblage of tube builders in stations without Dendraster. 
Strong seasonal Peet ione in the infaunal-community were 


demonstrated by all statistical techniques. 
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The effect of Dendraster on infaunal species was tested 
by manipulating sand dollar densities. Covariance analyses 
SHowedechatecne sabuncances of Ts etantilla, several species 
Otmtubesbuiliders, including L. savignyi and Malacoceros 
fulginosus, and an amphipod decreased significantly with 
increasing numbers of sand dollars, while another amphipod 
and a polychaete increased their numbers at intermediate 
densities of Dendraster. Removal of Dendraster from dense 
beds was followed by increases in numbers of tube builders. 

It proved impossible to separate the effect of sediment 
disturbance by Dendraster from the effect of the sand 
dollars' occupying space. Neither the addition of the tests 
of dead sand dollars nor hand disturbance of the sediment 
brought about decreases in tube builder populations equal to 
those caused by live Dendraster. 

Lites conciuded that sand dollars contrisute to 
pnctercidal community structure by Limiting the distribution 
of tube builder assemblages. Dendraster appears to be a 
dominant spatial competitor, which not only occupies space 
near the sediment surface, but whose burrowing activity 


interferes with other organisms. 
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12. The relationship between the population densities of 
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tube-building species and Dendraster, based on the 
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population densities of Leptochelia savignyi and 


DENG RASIVS teste ctchotale ce cies s 6-5 s Ep ey SA PPE EES Or ee CRE Se ee ae 


Map of East Sound, Orcas Island, Washington, showing 
the locations of the field experiments at Ship Bay 
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I. General Introduction 

Recent investigations in marine ecology have emphasized 
ENemROLCSHOtm D1 OhOglcalsagentsmineorganizing benthic 
communities. Field experiments have confirmed that 
interspecific competition and predation are important 
Srructuringerorces on rocky intertidal shores (Connell 
eo Glove OO OU re Day.con 17 teePaine 1971711974)... 

Traditional studies of soft sediment communities have 
Stressed the description of faunal associations and their 
distributions. The earliest investigators defined 
communities by naming their two dominant species (Shelford 
Giallo 3o ss reviewsapy ssones 1950) Thorson, 1957)". 
Subsequent workers have employed measures of diversity 
(Sanders 1968) and multivariate statistical techniques 
(Cassie and Michael 1968, Lie and Kelley LOa07 Lie and 
Kiskteres.o/0,stepnenson et al. 19707 19727) Popham and Ellis 
1971) to separate communities based on all but the rare 
species in the associations. Many studies have noted that 
the distributions of species and communities are limited by 
sediment grain size, with associations found in sand 
differing from those in mud (Sanders 1958, Cassie and 
Michael 1968, Nichols 1970, Eleftheriou and Nicholson 1975). 

However, some investigators have commented on the 
importence of biological factors In Structuring 
soft-sediment communities. As early as 1935 MacGinitie noted 
Ehaueno animals inhabiting fixed tubes or burrows occurred 


in beds of Callianassa, where the soil was unstable, but 
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that worms without permanent burrows were more abundant 
there than elsewhere. Rhoads and Young (1970) extended this 
tyYPpemoE@observation tomproposertheirr theory of “trophic 
group amensalism": that deposit feeders produce unstable 
sediments which are unsuitable for the survival of 
suspension feeders. Others have observed that tube builders 
Stabilize sediments and increase environmental complexity, 
providing habitats for other species (Fager 1964, Mills 

oO jer PoadsmancdmYoungano71,2Young andiRhoads 1971). 

In the last few years, investigators have employed 
experimental techniques to study biological interactions 
among soft-sediment organisms. In the laboratory Levinton 
(1977) observed direct interference between protobranch 
bivalves, with Yoldia limulata disrupting the burrows of 
Solemya velum. Using caging and other manipulative field 
experiments, Woodin (1974) and Petersen (1977) have 
demonstrated the importance of interspecific competition, 
And eVOUncr er eal an lo ova eVirnstel nado 77) Gewidtser (19 7/79. and 
Bell and Coull (1978) have elucidated the role of predation 
in untertida land wsubtidalesoft—bottom: communities. 
Vernsrein Kh97 7) Walt seie977) peOrth, 119 77amandswWondin 
(1978) have also discussed the contribution of bioturbation 
to soft-sediment community structure. 

Thus, it appears worthwhile to look further for 
ardanismsiwhich’ playimagor Sstructurangerolessin’ the benthic 
community. Any large organism which occurs in high densities 


hight. bea “dominanteforce ant benthachassocvetionss 
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The Pacific sand dollar, Dendraster excentricus 
ocisctOLun me ismsuChansOLganism. sand dollars occur in 
dense aggregations, Sometimes reaching more than 1000 
animals/m* (Merrill and Hobson 1970, Timko 1975). On the 
SULeCImCOcs mCNel Teatstrilbucion isesprimar.ily, subtidal 
(McCauley and Carey 1967, Merrill and Hobson 1970), but in 
protected waters they occur intertidally (MacGinitie and 
MacGinitie 1968), where they may reach densities exceeding 
600 animals/m2 (Birkeland and Chia 1971). 

Such dense aggregations of sand dollars could influence 
other benthic organisms in one or more of three different 
ways. Sand dollars might create a community by providing a 
substrate or hiding places for epifauna (Merrill and Hobson 
1970, J. Morin, personal communication). Alternatively, by 
occupying most or all of the surface area of the sand dollar 
bed, they might eliminate infaunal species which require 
access to the sediment surface. 

Dendraster could also affect community structure by 
reworking the sediments. Rhoads (1967) includes displacement 
of particles by an organism moving over or through the 
sediiment in his definition of reworking. Sand dollars 
moving on the sediment surface leave a characteristic trail 
Uneeciemsand (Chia! 969 7) Pigure 2) eintertidalesenaedgidans 
sit inclined above the sediment surface to feed at high tide 
and bury themselves as the tide recedes (MacGinitie and 
MacGinitie 1968), burrowing to depths as great as 10cm (Chia 


1969). The resulting frequent sediment turnover could 
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Figure’ il.) )Characteristice tral lelert by amsandedollar 
moving near the sediment surface. Photograph 
COuUrLtCeS VY mOl merino Rm Cinlcis 


displace smaller intertidal organisms dwelling in the upper 
layers of sediment. Thus, bioturbation by Dendraster could 


limit the distributions of.some species. 


In the following study I attempt by traditional 
Sampling and statistical analyses to demonstrate whether a 
definible intertidal sand dollar bed community exists, and 
by manipulative field experiments to determine the role of 


Dendraster excentricus in the benthic community. 
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II. The Communities of Ten Sandy Beaches in Puget Sound and 


the Strait of Georgia, with Reference to Sand Dollar Beds 


Aemincroduct ion 

Experimental studies of species interactions are often 
useful to understand community structure, but definition of 
the community must precede experimentation. Benthic 
communities are traditionally defined by surveys of the 
fauna and recognition of species which regularly co-occur. 
Petersen (1918) first described marine benthic communities 
by naming two dominant species. More recent investigators 
have employed statistical techniques including recurrent 
group analysis (Fager 1957), principal components analysis 
(Cassie and Michael 1968), cluster analysis (Stephenson et 
ae oy Ojpand@ractor analysis: (Lie, and? Kelley) 1970) to 
separate faunal associations. 

Only a few studies of the soft sediment benthic 
assemblages of the northern Pacific coast of North America 
have been published, and most of these describe subtidal 
habitats. In a series of papers, Lie and some colleagues 
(Lie and Kelley 1970, Lie and Kisker 1970, Lie 1974) 
employed factor analysis to define three communities 
associated with different depths and sediment types in Puget 
Soundweend ott the: coast. of Washington. Nichols 7 0) 
conducted a similar study of small scale changes in 
polychaete assemblages in Port Madison, Washington. Ellis 


(1971) reviewed his own and others' surveys of the infaunal 
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communities of the Strait of Georgia, relating these 
associations to the parallel community concept of Thorson 
OLI5S7)erophnam and Bllis (1971) used cluster and ordination 
analyses to separate pelecypod assemblages on a sandy shelf 
inetnesctrait of Georgia. 

Most studies of the intertidal fauna of this region 
have been qualitative. Shelford et al. (1935) surveyed the 
intertidal, as well as subtidal sediments of the San Juan 
Islands, naming the communities in the Petersen tradition as 
Macoma-Paphia (=Protothaca) and Macoma-Leptosynapta 
associations. Wieser (1959) collected the smaller infauna 
from five beaches in Puget Sound and related the 
distributivons of individual species to sediment grain size. 
Armstrong et al. (1976) also Surveyed five Puget Sound 
beaches, providing faunal lists and relative abundances (but 
no numbers) of each species. While conducting primarily a 
geological survey of Boundary Bay, Kellerhals and Murray 
(1969) differentiated between a sand dollar community and an 
eelgrass community, naming some of the macrofauna associated 
with each. Levings and Coustalin (1975), however, provided 
counts and biomasses of the species they encountered on 
transects of the Sturgeon and Roberts Banks regions of the 
Fraser River Estuary. 

Sand dollars (Dendraster excentricus) occur at high 
densities in Puget sound (Birkeland and sCcnia 2971) “andemay 
play a dominant role in the organization of intertidal 


communities of this region. They are large animals which 


so So; faves Oe. 19 Be 


oo 
ia 
see o° 4 bs 
ast ao. Se d 
~ef) '2 ine 
* b 4 é rr 
a o & 
; 7 am 9 e 


FTL Line mead G9RG 


obigeetal [ 


s sciper ,ebeahe? 
4 ag 


»9~2eRer 


oneises foam 
? | f>eet eyez wet, =) 


5 
Li : : ; 7 i Wie ia$ei1> - 
o ono? Smarty 7 


ity hm hd ‘> Eee ‘enleotous 
orto SsnirneTePes 1¢ 


, aireens>_ ame 


7 rey ; 5 
HM sews? ih) Sn ed ee ee 


ont 32 shepeovia Bap 
* ae 4 
& deepice® ony te oa 


HANISS Te e 


ya 


alter sediment stability by their burrowing activity. 
Several authors (Rhoads and Young 1971, Woodin 1978) have 
shown that species displaying such characteristics have 
important effects on soft-sediment community structure. 

Before proceeding with an experimental study of the 
role of Dendraster, it is necessary to document that the 
fauna of sand dollar beds differs from the fauna of adjacent 
areas of sand outside the beds. Meret and Hobson (1970) 
have listed species which are more numerous in subtidal sand 
dollar beds than in adjacent sediments, but apart from that 
study and the observation of Kellerhals and Murray (1969) no 
such documentation has been published. 1 have, therefore, 
sampled the infauna of the sand dollar beds and adjacent 
sediments on the beaches in Puget Sound and the Strait of 
Georgia and used several statistical techniques in an 
attempt to define a "Sand dollar bed community", or at least 
to recognize species positively and negatively associated 
with Dendraster. | 

This study should also provide some quantitative 
information on the intertidal sand flat fauna of this 
region, but since each site was sampled only once, the 
descriptions of the fauna of these beaches must be 


considered preliminary. 
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B. Methods and Materials 

Study Sites 

The infauna were collected inside and outside the sand 
dollar beds on ten beaches from southern Puget Sound to 
HOUNDyeLSlandminethesstrait of Georgia (EVGUT C2). ebac ts 
Site was sampled once at low tide in late July or August, 
OMe 

The sand dollar bed at Tolmie State Park lies largely 
in the public recreation area. On one side it is bordered by 
a small stream flowing into the sound; on the other it 
extends onto private beaches. On the day of the sampling, 
the bed and adjacent sand flat were covered with a thick mat 
of drift algae. Many recently-dead sand dollars were 
present. 

At Puget City the sand dollar bed is limited on one 
side by rock and terminates on the other side at the boat 
launching ramp. of a marina. The bed is patchy, with dense 
aggregations of Dendraster and areas of unoccupied sand. On 
the ee of Serenity. an spike smell was noticible in ne 
area. 

The Dendraster bed at Alki South has been described by 
Birkeland and Chia (1971). The sand dollars are aggregated 
in pockets of sand between cobble. The bed terminates on one 
side where the sediment becomes hard-packed clay, while the 
opposite edge apparently occurs at a mat of tubes. 

The sand dollar bed at Alki North is confined to a 


water-filled channel behind a large sand bar. The bed is 
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Figure 2. Map of Puget Sound and the Strait of Georgia, 
showing sampling sites. Names of 
are abbreviated as follows: 


Tolmie State Park 
Puget City 

ALK ies Ouch 

Alki North 

Buck Bay 

False Bay 

White Rock 
Crescent Beach 
Qualicum Beach 
Hornby Island 


the locations 
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discontinuous, more resembling a series of separate beds, 
with clusters of Dendraster separated by long stretches of 
unoccupied sand. Within the clusters, sand dollar densities 
are visibly higher than those reported by Birkeland and Chia 
CUO dol es 

At Buck Bay the sand dollars occupy the center of a 
small sand flat. The bed has sharp lateral and seaward 
margins which do not correspond with any obvious physical 
features. 

The Dendraster bed at False Bay is sparse and 
discontinuous, occupying the channels behind four sand bars 
rants southern margin of the bay. This site has been 
described in detail by Pamatmat (1966). 

The Crescent Beach sand dollars are similarly 
distributed discontinuously in channels behind a series of 
sand bars. Eel grass (Zostera) is present near many of the 
‘patches of Dendraster, as are accumulations of empty tests 
and bivalve shells. 

I found only a few sand dollars at White Rock, on the 
sand flat near Semiahmoo Park. All the Dendraster were 
discovered in a few square meters in a channel between the 
series of sand bars which are characteristic of this beach. 
All were six to seven centimeters in diameter and possibly 
represented a single successful recruitment in this area. 

The sand dollar bed at Qualicum Beach extends along 
most of the public beach but is patchy, with areas of 


unoccupied sand separating aggregations of Dendraster. The 
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sediment surface is rippled, and when buried the sand 
dollars are invisible under the ripple. 

On Hornby Island the Dendraster bed extends the full 
length of Tribune Bay, broken only by a few patches of 
unoccupied sand. The sediment is rippled, and the sand 
dollars are buried deeply and invisible under the ripple. 

All of the beaches except False Bay and Buck Bay are 
subject to heavy recreational use. The tide flat at Buck Bay 
is privately owned, and the owners and their friends 
occasionally dig clams there. False Bay is owned by the 
University of Washington, and the tidal flat is used for 


research and teaching. 


Sampling Method 


The infauna were collected in 10 X 10 X 10cm cores of 
sand. Three cores were taken inside and three outside each 
sand dollar bed. Inside each bed the cores were taken within 
aul-meraditus ateangapparéently sdéensespart sofsthe bedenear @an 
edge. Within the designated area, random positions of the 
cores were determined by the rapidly rotating investigator 
technique of Sanders et al. (1961), except that in patchy 
beds cores were not taken in areas unoccupied by Dendraster. 
In particularly sparse beds (Crescent Beach, White Rock) 
cores were taken near obvious aggregations of sand dollars. 

The positioning of cores outside each sand dollar bed 
was determined by the configuration of the bed. Where the 


bed had a clear edge (Tolmie State Park, Alki North, Alki 
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South, Buck Bay), the cores were taken within a 3-m radius 
just beyond the edge and at the same tide level as the bed, 
but areas clearly uninhabitable by Dendraster (eg., the 
fresh water inflow at Tolmie State Park) were avoided. Where 
the bed was sparsely populated and patchy (False Bay, 
Crescent Beach, White Rock), the samples were taken 
approximately 50m down the beach at the same tide level as 
the bed, in areas without sand dollars. At the remaining 
sites, where Dendraster extended through all of the 
habitable area, the samples were collected from unoccupied 
patches of sand Surrounded by the beds. 

A aEnGie additional sample was collected inside and 
outside each bed for sediment analysis. This collection was 
made by scooping out sand to a depth of 10cm with a garden 
trowel. The samples were placed on ice and frozen upon 
return to the laboratory. 

The sand dollar density in each bed was measured by 
counting all adults found to a depth of 10cm in five 0.25m2 
patches. These patches were selected ie Pi a wooden 
frame near the three sites from which the infauna had been 
collected. Two random positionings of the frame within the 
3-m collection radius were also counted. 

The infaunal samples were fixed in 10% formalin for at 
least 24 hours. They were then washed through a 5004m sieve. 
Material retained on the screen was transferred to 70% 
alcohods 


The animals were sorted and enumerated uSing a 
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dissecting microscope. Only whole animals and fragments with 
heads were counted. Nematodes, copepods, and ostracods were 
considered large representatives of the meiofauna and were 
ignored. 

The sediments were dried at 100C for 24 hours and 
divided into portions for grain size and organic carbon 
analyses. Grain size was determined by mechanically shaking 
the sediment for 10 minutes through a Wentworth series of 
Sieves. The mean grain size and sorting coefficient were 
determined graphically as suggested by Hulings and Gray 
(1971). The silt-clay content was also recorded. The organic 
carbon content was calculated as ash-free dry weight Ree 
ignition of the sediment at 500C for one hour. While not as 
accurate as a carbon analyzer, this method is generally 
adequate for determination of organic carbon in marine 


sediments (Byers et al. 1978). 


statistical@aAnalysis 

A number of statistical techniques were employed in the 
attempt to detect a sand dollar bed community and to 
determine the effect of Dendraster on community structure. 

Cluster analysis was used to detect any pattern in the 
distributions of species which might represent communities. 
All species which were found at three or more sites, plus 
species of which ten or more individuals occurred at one 
site, were included in the analysis. Counts of the three 


faunal samples inside each sand dollar bed were pooled, as 
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were the three outside samples, and the resulting 20 
Stations were clustered using information content as the 
index of similarity. This measure, described by Stephenson 
et al. (1970), based on the method of Williams et al. 
(1966), calculates the similarity between two sites as 
information gain based on the Shannon information content. 
The stations were also clustered according to their sediment 
enakacteristics  (iistedginalables! wr usinggthesbuclidean 
distance measure, which is appropriate for continuous data. 
The computer program for the latter clustering method was 
BMDP:2M (revised Hecenbe dealo7 7) from the BMDP statistical 
Ppackagew(Dixcn and Brownel977) : 

In order to detect individual species which might be 
positively or negatively associated with sand dollars, 
chi-square values were calculated from 2 x 2 coninceney 
tables, using the presence/absence of each species and 
Dendraster. The three samples from each station were pooled 
fom this analysis. 

The Ai Se ee diversity values and equitability 
(the ratio of the measured Perey to the maximum 
diversity possible in a collection containing N individuals) 
were calculated for each station using the pooled samples. 
The computer program for these functions was obtained from 
Orrmetwal. (1973)... .the ditferencesMingdivercsity, 
equitability and the number of species present inside and 
outside sand dollar beds were compared using paired t-tests. 


The numbers of some abundant species and of pooled 
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Table 1. Characteristics of sediments inside (+) and 
outside (-) ten sand dollar beds. Mean grain size 
ancmesontcimgacoefriclenteanrergiven it poi wnicts. 
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tube-building animals and motile crustaceans (amphipods, 
except tubicolous species, cumaceans and crabs) inside and 
outside the sand dollar beds were compared with two-way 
factorial analyses of variance of the replicated data. The 
counts in each of the three cores were transformed using 
In(x+l) prior to these analyses in order to normalize the 


dvseri butions. 


C. Results 

All of the beaches sampled have a similar fauna, with 
four species which comprise at least 5% of all individuals 
observed (excluding False Bay, where faunal densities are an 
order of magnitude higher than those of any other site) 
occurring at seven of the ten locations (Table 2). These 
species are Pie bivalve Mysella tumida, the cumacean Cumella 
vulgaris, the amphipod Synchelidium shoemakeri, and the 
polychaete Scoloplos armiger. Two other polychaetes, 
Nephthys caeca and Glycinde polygnatha, each total more than 
1% of all individuals observed and are present on seven 
beaches. Tubicolous amphipods of the genus Corophium make up 
more than 5% of all individuals and were collected on six 
beaches. 

The cluster analysis of the species data (Figure 3) 
does not suggest a “sand dollar bed community". The two 
stations at False Bay differ from all other sites. The 


remaining sites are divided into two major groups, the 


a wei? , Sed eeu 


~ V4 7 ae — 
Hue) gnessesyi> silo Gagmeiaa! 06 gmthee 
: . 


; sae 


Bucs oe 
Peay oe 


ve 


at ; 
MUettr eft) Be) >>2se. 985 


oo a. 


) 
S214 {1405 20 
Pam ae 


LE 


4 * » al : 
+0 > e< bh as nian 


. 
vee 


7 
a 
a 
Oo - 
o _ 
« 
' , weie : 1c a rene il yi 24 “lg i” 
; ; si3 : (St wit al 69499 Dinas < 
bene toujetow Sooley, gpa eee 
. wads an. a elcog af? £24 nevi gt eee ae 
. e ) o8 = Pe 52 hdl 2m: Heed 7S 
: eh ied efit eal selene 
{ ~~ 


are, = - 

7 -_— — - — _ _ — 
_ — 

r er wl | e 
=e : 7 

— — 

AS = 
_ 

: a . _ 
7 - _ oe ) wit — - 


*siaptTing eqn} saqzeoTpuT # 

°-z ainbIg Ut peutetdxe are suoTzeooT atdues jo suotzerAsiqqy 

*sotdues _w-[0°Q 99143 JO squNOod paTtood sayy aie UaATH SanTeA 

Cot auq aqzeTNoTeo 03 pasn jou atam santeaA Aeg asTed 

*speq aetTtop pues Aq patdnoso sayoreq uaqy jo AavAINS ayy UT peqoDeTTOS 
sTeutue [Te Jo ¥T yseeT ye Hurqyuseseideal satoeds jo satqtsuep uotqzetndog °2 FTGeL 


THAeTO eqdeudAsoqjday 
ée}JaeYyYOOIaSY STTTAS 
#esuebata ordsobdAg 

#°ds OTdsSoiotTW 

#eTOOTUaIe SOTID0NRTeEW 
#SNSOUTbH[NJ SoTad.0DeTeEW 
STASI etTpueuiy 

"ds ge[Tauoieg 

euqeubAtod apurodq{9 

Jabtwie sotdotpoos 

eosaeo sAyujudan 

#tAubtaAaes etpTaeyoo4day 
#TZtssebe eostjptoduy 

#°dds wntydoio) 
Snuetuojybutrysem sntioqysneyny 
Tiayewsoys wntpttsyouds 
stsuajzqjebnd snieuwwebostuy 
SNTOOTAJaJUOD snieuwuebostuy 
*ds etauabojuog 

snsoutds snxoyudeieg 
eqeotr[tdrapenb sdoiduey 

1 STACH{NA LT aun 
(aTtTUusAnCl) youeiqoystdg 
eptunqy eTTesdw 

e[T[Trqueq el [auussueiy 


Ke) 

a 
N 
=) 


E 


faa 
N 


™ 
Oa) 


N 
N 


oe 


es 
SOSH eone@eseacqaS 


(G9) 
Co 


Ce 


NIN SENSO VOhO 1S Sor SrSrOns oN tf O1rore eG aole 
9) 


MISS 2OOS S27 OS eoeeMeantoeaqaoeosS 
Vato NOOl@eQoeQeeoyr qeaenaaqaqgeaqs 
OOF aTOOCOwMCOAMNOOMMoCHOSoCoCOoOcCNANSC 
Be akan ar og en TO OORT oS 
~ 
NNO ONS OSre © © 2S SS coo aeg €e 
S)) Gal NICS (SS Gal SP Se) Sr ey SK SS) ON OSS Seo — 
20) Sia SOO 29 SS eS eel on oOooeaace 


oO 
4 
ie) 


da dd NW SW Od di Satoeds 
SUOT D074 


a ee Se I a a 


sp9q AsqxSeipusqd yesptsut °e 


ms 
ea) 
faa) 
ol 
jaa} 
O 
oc 
= 


7 1 j f 
ahs 


ee) 


PR, 
“4 
4 
— 


Co 
4 


= 
[ae) 


Ww 
N 
im) 
= 
er 
G4) 


Ke 


a 
=a tO SN oO No sO) SC oO 


Ke) 
[3 
o>) 


co 
a 
Ne 


a) 
N 
ot 


s 
ey SS) ) OOO oS Sa No |] on S|] Oy 


Cl 
= 


SEA QBoQqgeeaeqeg a @2eaaript © eo eee |e 
Sy 


VS SQ c Qo ee Ogee oe dgoa|aeae 
QQq aS © 2 © SO OoQnoc¢ (SSeS eo 2 2 2 6S 
SSO Sea ae 2 OO @ el tida @ oo 2S] eS 
moor eoe eo @ OG rote om) 2 e222 
te 9) SS SS! 19) Ge SS 09 ES iS OD} OS] Hl eg SQ] Qen2S © es 
@) sy = iq) BS SS S&S © Coo) OO] ') CH OS 2 2BoQ Se 2S 


LOE CORO COUN CS COCO NTS 


i=) 
N 


Ty¥AeTO eqdeudAsoqday 
eeqaeyoorayay st{TTAs 
#ésuebata ortdsobdéd 

#°ds otdsodJoOtWw 
#eETOOTUaTe SOTID0NLT OW 
#Snsoutbt[nj soxzao0o0e Tew 
STAQIG ePTpueW AY 

*ds geTTauoiedg 
eyqeubATod aputosA[9 
Jabtuie sortdopoos 

eoaeo sAujudaenNn 
#tTAUbtAes etTayooqday 
#Iztssebe eosttoduy 

T #*dds wntydo109 
SnuetuojbuTysem sntsoqysneyny 
Tiayeusoys wntptpayoudAs 
STSUd}}ebnd sniaewwebostuy 
SN[TOOTAITaJUOD Sniewwebostuy 
‘ds etauaboquog 

snsoutds snxoydeiedg 
eqeottdtapenb sdoiduey 

€ STIeHTNA e{[TeunD 
S (aTtuaAnl) youeiqoqystdo 
eptunq} eTTasdAw 

eTTrqueq eT TAUuUDSUeI], 


aN 


ouUNwCOCOMHCOOCOnHOHOOOCOOCOOCCS 


Re 
x 
aa) 
Cl 
ea) 
O 
co 
= 
n 
< 


SUOT}BDOT 


satoads 


Ay 
& 


spagq Jaqseipueq epts3no °q 


panutquoj °*Z aTqeL 


7 — _ ae 
ae 
. i 7 a 
—_ 7 f _ 
— = =.) 
-_ — 7 
b-a Ag \ 
ne ws 
_ 
0 7 
_ 
i 
4 he ave a peat] ot ,4n0 a 
Pe — — = ~ — - a ee 
A 4) 
e o 
re Si & “ j 24 + 


—— on oe | nn meme 


—. } 


: ; . ~ . stay v 
9 5. ‘ ; > (stifnay se 
te 6 \ Ls . ‘ a; p e f a 79 | 
ai ay ' i ‘ ; ° eter? 

5) i a ve hap t } - 
ss g | } i (’ , ei 
ij ‘y 0 f; e 0 ; n~ 90 fas Pee ee 
{} £6 4 ‘\ ii ) ) Nive )iFeogue 7% 
2 : i ‘ rf i he oi ‘ 
aur: Ser t pps eas 
, ) i "7 - 
’ 
_ ‘ ‘% ¥ Ww A 
} sd 
f ; f 
c te 
* f 
4 @ 
.~F 
:f a= 
) 7 > 
“4 J 


” 
N 


Figure 3. Clusters of sampling sites based on faunal 


Similarity. Similaritys !semeasunedsas 
information gain based on the Shannon 
information content. Site abbreviations 
are explained in Figure 2. 
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beaches on Puget Sound and the remaining beaches farther 
north. Only the sand dollar bed sample at Tolmie State Park 
appears misplaced by this division. The "inside" and 
"outside" samples from the same beach are not always most 
closely related to each other, but samples from adjacent 
beaches (Alki South and Alki North, Crescent Beach and White 
Rock) are grouped together. 

The cluster of sites based on their sediment 
characteristics (Figure 4) follows a pattern similar, but 
not Identical to, that of the faunal data. The division into 
two major groups separates the Puget Sound beaches from the 
other areas, with the Buck Bay and Crescent Beach sand 
dollar beds being included in the former group. The False 
Bay sediments do not differ notably from those of the other 
beaches. The clustering does not suggest a sediment 
composition typical of sand dollar beds, nor do any of the 
individual sediment characteristics measured show any 
relation to the presence or absence of Dendraster (Table 1). 

The chi-square analysis indicates that no species 
encountered is significantly (P<0.05) either positively or 
negatively associated with Dendraster. This test fails to 
show associations apparently because most species are absent 
from both the sand dollar beds and the outside patches on 
several of the beaches, and species which are widespread 
OCCULMINEDOLDehabltats. 

The absence of species from some beaches and the high 


variation among beaches makes it difficult to test species 
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Figure 4, 


Clusters of sampling sites based 
sediment characteristics. Site 
abbreviations are explained in 
igure 2. 
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abundances statistically. However, analyses of variance show 
that several species are significantly (P<0.01) more 
abundant outside the sand dollar beds, while one species is 
more numerous inside the beds. Species more abundant outside 
the beds include the bivalve Transennella tantilla, the 
tubicolous crustaceans Corophium spp., Ampelisca agassizi, 
and Leptochelia savignyi, and the polychaetes Glycinde 
polygnatha and Malacoceros arenicola, while the polychaete 
Armandia brevis is more numerous among the Dendraster. The 
amphipod Paraphoxus spinosus, which was found on only three 
of the beaches sampled, is more numerous inside than outside 
the sand dollar beds at the two sites where it is abundant, 
but this difference is not Statistically significant 
(P=0.09). Among-beach inconsistencies in the distributions 
of the species tested are indicated, as in all cases the 
site X Dendraster-effect interactions are significant 
AU thay) 

ihemonannon-Weavemedivers poy meequitabi bity and (the 
number o£ species encountered are hot significantly 
different inside and outside sand dollar beds. However, the 
diversity and number of species are lower inside than 
outside the beds at all sites except White Rock and Alki 
South e(Table  3)% 

Analysis of variance showed no difference in the 
density of motile crustaceans inside and outside the sand 
dollar beds, although the density of crustaceans was 


significantly different among beaches, and the interaction 
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Species diversity characteristics inside (+) and 
ten sand dollar beds. 
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was Significant due to the large numbers of crustaceans in 
the sand dollar beds at False Bay and Crescent Beach. The 
density of tube builders was significantly (P<0.05) lower 
inside than outside the beds. The overall density of tube 
builders varied significantly among beaches. The interaction 
was Significant because more tube builders were encountered 
inside than outside the Dendraster bed at White Rock (Table 


4). 


D. Discussion 

Only one previous study has attempted to enumerate the 
fauna associated with Dendraster. Merrill and Hobson (1970) 
found no animals endemic to the subtidal, outer coast sand 
dollar beds of southern California, but they listed species 
which were recurrent in and characteristic of the beds. Most 
of the species more numerous inside than outside the beds 
were fish or crustaceans, including an amphipod of the genus 
Paraphoxus. The investigators felt that some organisms 
occurred with Dendraster because the sand dollars stabilized 
the substrate by curtailing the erosion of sand and also 
provided shelter from predators. 

The results of the present study only partially concur 
with those of Merrill and Hobson. I found no species which 
seemed characteristic of sand dollar beds, but the 
polychaete Armandia brevis was significantly more numerous 


in the beds than in adjacent areas (Table 2). The amphipod 
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Table 4. A comparison of tube builder and motile crustacean 
population densities inside and outside sand 
dolVar beds of varying densities. Sand dollar 
counts are given as means and standard errors of 
adults/0.25m2_ mybe builder and crustacean 
densities are givenas means and standard errors 
of animals/0.0lm2, 
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Paraphoxus spinosus was more numerous (although not 
significantly so) in the beds on the two beaches where it 
was abundant. The total number of crustaceans encountered 
(excluding tubicolous forms) was not greater in the beds 
than in the adjacent substrate at most of the beaches (Table 
4). 

The reason for the difference between these results and 
the observations of Merrill and Hobson is largely that I 
sampled intertidal rather than subtidal sand dollar beds. 
Since the sampling was done at low tide, fish and possibly 
motile crustaceans which might take refuge among submerged 
and inclined Dendraster could not bono nese ne Intaddition, 
intertidal sand dollars, which burrow at low tide and 
incline at high tide must do more to destabilize the 
sediment than to fojaninee ie 

The total number of tube-building organisms was 
Saigiiaie cnt | veh a0nO>) slOowere i nethesbendrasiter sbedsstnanwin 
the adjacent sand (Table 4). Although no species which 
occurred on Daembeaches sampled was consistently absent frei 
the beds, six species, including four tubicolous crustaceans 
and polychaetes, were more abundant outside than inside the 
beds (Table 2). Since the repeated burrowing and inclining 
of intertidal sand dollars must frequently overturn the 
sediment, sedentary tube-building organisms should find it 
Gut Picumt eto icoexls GewlthebDendrastver: 

At White Rock more tube builders were collected near 


the sand dollars than away from them. However, at this 
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location the Dendraster population was only 4 
individuals/m?, the lowest density encountered at any site. 
Such a sparse population apparently has no adverse effect on 
tube-building organisms. 

Diversity, equitability and the number of species 
present were not significantly different inside and outside 
the sand dollar beds. Since the total number of animals 
collected at some of the sites was low, the validity of the 
t-statistic for comparing diversities is questionable 
(Hutcheson 1970), and attempts to base any conclusions on 
the diversity values are risky. However, diversities and 
numbers of species present were lower inside than outside 
the beds at all sites except White Rock, where the 
Dendraster population is probably too low to have any effect 
on diversity, and at Alki Soe (Tables F eThhus ethene mis 
some suggestion that fewer species are able to coexist with 
Dendraster, resulting in lower species diversities in sand 
dollar beds. 

BeveT species have been encountered in areas disturbed 
by rays, crabs and moon snails than in undisturbed sites 
(Orin Lod) saevirnste ing? o7 7, Woodinelo7s jawiltse #1977); 
Wiltse (1977) attributed the lower diversities in snail 
enclosures to the loss of small tube-building polychaetes, 
particularly spionids. Similarly, exclusion of tubicolous 
polychaetes (including the spionid Malacoceros arenicola) 
may reduce the diversity of infauna in sand dollar beds. 


This study thus suggests that although no recognizible 
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"sand dollar bed community" exists, several species, as well 
as tube-building organisms in general, are encountered less 
frequently in sand dollar beds than elsewhere. In a later 
chapter, I shall test the hypothesis that these types of 
organisms are excluded by Dendraster. 

In addition to suggesting the relationship of 
Dendraster and the infauna, this study provides some 
information about the intertidal sand community of the 
protected coast of Washington and British Columbia. My 
observation of the widespread occurrence of Mysella tumida, 
Cumella vulgaris, Scoloplos armiger, Glycinde polygnatha, 
Nepnenys caeca, Malacoceros arenicola, and Corophium spp. 
COnLirmsethnemreports otewieser (1959) Levings and¥Coustalin 
‘L977 5)RandeArmstrongeetwals) (1976)r. 

Cluster analysis (Figure 3) suggests that the faunal 
associations of the Puget Sound beaches are somewhat 
different from those of the other areas. The cluster of 
beaches by their sediment characteristics (Figure 4) follows 
3 Bae pattern, but sediment alone does not explain 
faunal distributions. Adjacent beaches (Alki South/Alki 
North and Crescent Beach/White Rock) have most similar 
fauna, but their sediments may have different 
characteristics. For example, the sediment of White Rock is 
most similar to that of Hornby Island. Water circulation 
inside and outside of Puget Sound, which must control the 
distribution of planktonic larvae and perhaps the dispersal 


of adults, is probably an important influence on community 
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composition. 

The False Bay community differs substantially from the 
other associations sampled, having both a greater density of 
infauna and species not encountered elsewhere. Nothing which 
I measured can adequately explain this difference. Higher 
organic content of the sediment might account for greater 
faunal density, but although the percent organic carbon 
inside the sand dollar bed is higher at False Bay than at 
any other site, the organic content outside the bed is lower 
than that observed at many other locations (Table l). 

It was not the primary aim of this study to determine 
the distribution of infaunal communities, and the sampling 
pattern employed is inadequate to provide an accurate 
picture. While the sample size was large enough to represent 
the dense infauna of False Bay, it was ee smalls tonecone 
Sparse populations of White Rock, Hornby Island, and Puget 
City. More important, sampling only a limited area of each 
. beach can miss even dominant species whose distribution is. 
Seed. For example, on many of the beaches I observed mats 
of tubes above the sand dollar beds, often located on the 
tops of sand bars rather than in the troughs between, so 
that only minor differences in elevation apparently 
influenced the distribution of species. I took one core from 
each of these patches, although the data is not included in 
Table 2. At White Rock, where no Corophium were encountered 
in any of the primary samples, 908 of these amphipods 


appeared in the single core collected above the Dendraster 
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bed. Thus, although I have provided some quantitative 
information on the intertidal infauna of the northwest, any 
serious survey of these communities must include a series of 
sampling stations at each beach to characterize a fauna 


whose distribution shows marked patchiness. 
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III. Seasonal Changes in the Benthic Community of False Bay, 
San Juan Island, Washington, with Emphasis on the Role of 


the Sand Dollar Bed 


Ae iuntroduction 

Large organisms which rework the sediment or alter its 
Stability may play key roles in structuring soft-bottom 
communities (Rhoads and Young 1971, Woodin 1978). The 
Pacific sand dollar, Dendraster excentricus, reworks (sensu 
Rhoads 1967) at least the top 4cm of sediment (Chapter IV) 
and has been shown experimentally to limit the distribution 
of several infaunal species, particularly tubicolous forms 
(Chapter IV). 

Although sampling data (Merrill and Hobson 1970; 
Chapter II) indicates that there are no animal species 
endemic to sand dollar beds, Merrill and Hobson have found 
that Sree species are more abundant te subtidal sand 
dollar beds than-in adjacent: areas without Dendraster, and I 
have demonstrated (Chapter II) that several species and 
tube-building animals in general are less numerous in 
intertidal sand dollar beds than in adjacent patches. Since 
the suite of species which occurs on different beaches shows 
considerable variation (Chapter II), relationships of 
individual species to Dendraster are difficult to 
demonstrate. However, the changes in infaunal population 
densities inside and outside the sand dollar bed on one 


beach might provide more useful suggestions about 
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interactions between a constant set of infaunal species and 
Dendraster. 

Some researchers have followed temporal changes in 
sand-bottom communities which include Dendraster, but these 
studies have been confined to epifauna or to large (>3.2mm) 
infauna and have not related fluctuations in macrofaunal 
densaevessto changeseinasandadol lar populations. or 
distributions. Fager (1968) monitored nine epifaunal species 
in the shallow subtidal and found that their populations 
remained relatively constant for six years. Davis and Van 
Blaricom (1978) followed up Fager's work and contradicted 
his observation of long term numerical stability, noting 
that populations of seven of the species, including 
Dendraster, had changed significantly. Peterson (1975) 
compared the stability of individual species and community 
composition in two California lagoons over 37 months and 
related fluctuations in the populations of individual 
species, including numbers he We sleseNen Tih Ee RS eo 
weather conditions. 

I chose to study the intertidal sand flat at False Bay, 
San Juan Island, Washington. Although the sand dollar 
population there was relatively sparse (Chapter II), this 
site was selected because the bay is owned by the University 
of Washington and thus is protected from the disturbance of 
heavy public usage. 

Some information about the fauna of False Bay is 


abneadveavatlaolewmoneliordget “al. (1935)) first sampled at 
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False Bay, describing the community as a Dendraster 
fasciation on a Macoma-Leptosynapta association. Pamatmat 
(1966, 1968) conducted a two-year study of the False Bay 
community, measuring monthly changes in numbers and biomass 
of the dominant species at three stations representing three 
tidal heights, but he was primarily interested in 
productivity rather than in explaining the spatial structure 
of the community, and few of his samples included 
Dendraster. 

The following study consists of seasonal samples 
collected over two years at locations inside and outside the 
False Bay sand dollar bed. Spatial and temporal changes in 
the community and in the populations of individual species 
are evaluated in relation to the presence and absence of 
Dendraster. The sampling stations cover a limited tidal 
range so that among-site differences in faunal composition 
will be more likely to reflect species interactions than 


environmental differences. 


B. Methods and Materials 


The sand flat at False Bay is roughly circular and 
occupies an area of about 1.3km2, It is approximately 500m 
wide at the mouth. From the mouth to the head of the bay 


extend a series of sand bars which Pamatmat (1966, 1968) has 


described as "quasi-permanent." 
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A small stream flows from the San Juan Valley and 
empties into the bay. Its freshwater discharge peaks during 
the winter and becomes negligible during the summer when the 
water is used for irrigation in the valley. The maximum 
input of freshwater into the bay which - observed occurred 
during heavy rains in December, 1975, when the stream's 
Current was apparent almost to the mouth of the bay. 

A more detailed description of False Bay is given by 
Pama ema en (19 6670015 63) 

Ten stations were chosen in the troughs between sand 
bars near the mouth of the bay (Figure 5). Each site was 
marked with a wooden stake. The tidal height of each station 
was measured with a level. 

Scationsm!-dewere located injthe sand dollar bed- sand 
dollars also occurred in the eelgrass between stations 5 and 
10 and were observed occasionally at all sites, but they 
remained continuously only in the troughs associated with 


Stations 1-4. 


Sampling Procedure 

Each station was sampled four times a year for two 
years, in December, 1975; April, July and October, 19760;) and 
January, May, July and October, 1977. Two replicate 0.01-m 
cores were collected at each time. All samples were taken at 
random locations within a 1.0-m radius of the stake. The 


methods of sample collection, preservation and analysis were 


as described in Chapter II. 
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Figure 5. Map of False Bay, showing locations of sampling 
Stations and their elevations (in meters) 
relative to MLLW (modified from Pamatmat 1968). 
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Densities of adult Dendraster in the troughs near 
Stations 1, 2 and 3 were measured in April, 1975. Densities 
were estimated by counting all sand dollars present to a 
depth of 10cm in a 1.0-m2 quadrat. Ten quadrats, placed at 
random, were counted at each station. The procedure was 
repeated in June 1976, at-@ stations 1, 2, 3 and 4. Sand 
doimernsaensitymatestation 2° in June, 19/7, was estimated 


from the quadrats used to study movement. (See Chapter IV.) 


Sediment Analysis 


- One additional sample was collected at each time for 
sediment analysis. Sediment was collected with a trowel to a 
depth of 10cm and analyzed for organic carbon, mean grain 
Se emondesOnuIngmcoctulclentmase described i neCnaptersaii, 

Differences in organic content, grain size and sorting 
coefficient among sampling sites and times were tested with 
analysis of variance followed by Student-Newman-Keuls 
MUTI plesrangestestsmand partitioning the among-Ssites Sums 
of squares into Dendraster-bed vs. "outside" stations 
comparisons (Snedecor and Cochran 1967). Only the December, 
1975; April, 1976; and July, 1977, samples were tested for 
gGrvaines:ze and sorting differences. AllY dates except 
December, 1975, and May, 1977, were analyzed for differences 


invorganicecarpon = content. 


Statistical Analysis of Faunal Data 


Species were ranked by abundance (Fager, 1957; 
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Virnstein, 1977) at each station and for each sampling 
period. The most abundant species in the two replicates at a 
sampling site received 10 points, the next most abundant 
nine points, etc. Points received at each sampling period 
were totalled to determine the dominant species at each 
location (1). Similarly, species were ranked by abundance 
(totalled over all 10 stations) for each of the eight 
sampling times (2). Thus, 80 points was the maximum possible 
FOrmRaOTMNAnNCemwaAtmomstation, (lj or for overall dominance (2). 
Alternatively, overall dominance was calculated by totalling 
the points each species received at each station for all 
sampling periods a ee the sum of all points a species 
received in calculation 1), providing a maximum score of 800 
(3.)r. 

Information about the organisms' distributions can be 
obtained from the different methods of abundance ranking. 
Among-site variations in the rankings of a given species 
(calculation 1) may suggest patchiness in that organism's 
Aeeripoeton. sinliovhe ee any species, lower ranking by 
SauciwvaueonmomctuanmovyecalCulatione 2 Impiies ag patchy 
Giscr i bution’. 

Spatial and temporal variations in densities of the 
eleven most abundant species (based on total number of 
individuals observed in all 160 samples) were analyzed 
further. Three-way factorial analyses of variance followed 
by multiple range tests were used to test annual, seasonal 


and among-station differences. The population densities of 
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each species inside and outside the sand dollar bed 
(stations 1-4 v. 5-10) were compared by partitioning the 
among-stations sums of squares (Snedecor and Cochran 1967). 
The replicate samples, with densities transformed using 
ln (x+l), were used for these calculations. 

Analysis of variance was also used to compare densities 


of sand dollars from year to year and among stations. 


Multivariate Statistics 

Three types of multivariate analyses were used to 
identify structure in the False Bay community. Thirty-five 
species which. were collected during at least half of the 
eight sampling times were used for these analyses. The 
abundance of each species was calculated as its mean density 
in the two replicate cores. The abundances were normalized 
USt nome emo (xt ijt ranstormacionston principal component 
and discriminant analyses, while untransformed abundances 
were uséd for cluster “analysis. | 

Cluster ic is a classification technique ated 
groups together samples which contain similar fauna. For the 
False Bay data it was used to detect possible spatial or 
temporal patterns in the faunal assemblage. The 80 
Sstation-time combinations were clustered using BMDP:2M 
(revised December, 1977) of the BMDP statistical package 
(Dixon and Brown 1977). The distance between sites was 
measured as the chi-square statistic for the equality of two 


sets of frequencies, where the frequencies are counts of 
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individuals representing each species encountered. This 
method puts little weight on the difference between zero and 
one of a species encountered in a sample pair. It is, 
therefore, more appropriate than the information statistic 
used in Chapter II for evaluating the False Bay data, where 
the difference between zero and one of any species at a 
sampling station is probably due to chance. 

Principal component analysis reduces the information 
contained in a matrix of species correlations or covariances 
BOmUeCCOLS acacia lemumber Ole which account: for most, of ithe 
variation. The elements of each vector (coefficients or 
factor loadings) give the pedonride of each species in the 
component. High weightings and coefficients with like signs 
have been used to define species associations which 
represent communities (Cassie and Michael 1968). The 
components have also been used to suggest hypotheses about 
the causes of variation in a system (Sprules 1977). 

I have based the principal component analysis of the 
False Bay Ane on the eons Ma Utel Ree This method 
emphasizes the numerically dominant species, which are the 
only organisms about which hypotheses can later be tested 
experimentally. 

While principal component analysis is an a posteriori 
statistical procedure used to search for structure in faunal 
data yaad usCriminantpanalysis (issanwagpmlonigstatistical 
procedure which DCOSEIE differences among pre-defined 


groups. Discriminant analysis provides canonical variables 
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which are vectors whose elements are the coefficients of the 
Species which contribute to the maximum separation of the 
groups. These coefficients do not, however, represent the 
relative contribution of each species as do the factor 
loadings of principal component analysis (Cassie and Michael 
1968). The stepwise discriminant analysis successively tests 
each species to determine which ones contribute 
Significantly to the separation. It also provides a 
statistical test of significance of the separation of the 
groups. 
| I divided the 80 samples into four groups for 
discriminant analysis. The first division separated the 
Stations in the sand dollar bed from those outside the bed. 
The second division was based on season, separating fall and 
winter samples from eerie and summer samples. This grouping 
was chosen because Pamatmat (1966, 1968) had reported that 
populations of most of the dominant species in False Bay 
increased in spring and summer and decreased in fall and 
winter. Thus, group 1 encompassed the samples corer from the 
sand dollar bed in fall and winter, group 2 the sand dollar 
bed in spring and summer, group 3 the remaining stations in 
fall and winter, and group 4 the remaining stations in 
spring and summer. 

Discriminant analysis has been used to ordinate 
ecological data. Green (1971) used species to define groups 
and calculated the discriminant functions (canonical 


variables) from measurements of environmental parameters. 
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Bernstein et al. (1978) calculated discriminant functions 
from environmental measurements, which included biotic as 
well as physical factors, but obtained their groups from 
classification statistics. I have based my groups on 
environmental factors (space and time) and calculated the 
discriminant analysis from species abundances. 

The multivariate analyses were done using computer 
programs BMDP:2M, 4M, and 7M (revised December, 1977) (Dixon 


andsBrown.) 1977). 


C. Results 

PO emLSVvens 

The maximum difference in tidal heights among stations 
was one foot, with station 1 being 0.3m lower than station 9 
(Figure 5). Station 1 was 0.12m lower than the next lowest 
Site, station 2. Stations 3 and 4 were not lower than the 


‘sites outside the sand dollar bed. 


The Sediments 

The organic content of the sediments was lower in the 
1977 samples than in the 1976 samples (Table 5), but the 
studentized range test showed that only the October, 1976, 
and July, 1977, samples were significantly different from 
each other. No clear seasonal patterns were detectible. The 
differences among sampling stations were significant at the 


1% level, and the organic carbon content was significantly 
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Organic contents 
ten stations in False Bay. Values given are 
means of two analytical replicates. 
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higher (P<0.01) inside than outside the sand dollar bed. 

Mean grain.size varied significantly among sampling 
stations (P<0.01). The coarsest sand was found at station 8, 
where the mean grain size was 2.1 phi (Table 6), while the 
PAineSt yee Sept meOCCUTTed at (stations, 2, 3 and 4.) The 
sediment inside the Dendraster bed was significantly 
(P<0.01) finer than that outside the bed. 

The sorting coefficient also varied significantly 
(P<0.01) among sampling stations, with the sediment inside 
the Dendraster bed being better sorted than that outside the 
bed. significant (P<0.01), with the December, 1975, samples 
being less well sorted than the April, 1976, or July, 1977, 


samples. 


The Dominant Species 

The population of Dendraster showed some annual and 
among-site fluctuations (Table 7). In 1975, the densities of 
‘sand dollars at stations 1, 2 and 3 were not significantly 
different. The 95% confidence interval for ene population of 
Dendraster at all stations was 9.3+2.5 animals/m*. LNL97 6; 
the mean numbers of Dendraster at stations 2 and 4 (8.2 and 
9.9/m2, respectively) were similar to densities measured the 
previous year, but the densities at stations 1 and 3 (3.6 
and 4.6/m2, respectively) were significantly (P<0.05) lower. 
No environmental differences were observed which could 
account for these variations in sand dollar densities. 


The False Bay infaunal community was characterized by 
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Table 6. Sediment mean grain size and sorting coefficients 
at the ten stations in False Bay. Values are 
given in phi units. 


Station Date Mean Grain Size Sorting Coefficient 
DOC. on 250 0.48 
i! ADC on 6 rae 0.40 
July, 1977 PLANS) 0.46 
Dec. , elas 5 2.44 0.44 
iz ADYU IL aeLo Wo 2.49 033 
SSN ery a! 2.47 0.39 
Decree ou} 2.53 0.43 
S AD ig melo. LASS) 0.40 
JULY low toes Sc 0.41 
Decuyml 975 2.49 Oro 
4 AD ict 99.6 2 eel 0.43 
JULY eo 208 0.44 
DECe Blo sD 2-33 OR 
5 Apr iele mel o.6 hes 0.44 
SHE SRST T/ 2.45 0.44 
Decay 5 Fae ORS) Oso 
6 AD Yi leee 97,0 22d 0.49 
apne h = ahery yy 2254 Ol aN 6 
iSi-Yele 4 NS Ees) oh SA) O00 
7 Apia ly. 1976 Beg ih? 7307.62 
Judy pe loa? EA) Of52 
DeCeyael owe Des lee 0.54 
8 April, 1976 209 0.48 
SABI AS aE pe) Re ye) 05.53 
DEC. lo 2.44 0526 
9 April 7197.6 eS Beet 
WL peek od Sey he) Oro 
Dec. low S 2.45 0.49 
10 April 1976 Zee, Ovaoal 
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Population densities of Dendraster excentricus 
at four stations in False Bay, 1975-76. Means are 
expressed as adults/m2, 


1975 1976 
Mean wed. Dev. Mean Std. Dev. 
UOR6 6.8 S616 138 
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numerical dominance of a few species. Four species, 
Paraphoxus spinosus, Leptochelia savignyi, Cumella vulgaris, 
and Malacoceros fulginosus made up 81.36% of all animals 
encountered during the two-year study. These species plus 
seven others, Anisogammarus confervicolus, Transennella 
tantilla, Leptosynapta clarki, Synchelidium shoemakeri, 
Pontogeneia sp., Microspio sp., and Eusyllis? represented 
96.06% of all individuals observed. These 11 species were 
also the dominants when ranked by seasonal and season X 
station abundances (Table 8). The ranks of the dominant 
species varied among the sampling stations, and eight 
additional species emerged as local dominants (Table 9). 

Some relevant biological characteristics of these 
species are summarized in Table 10. 

The population densities of the denn aerate species showed 
both spatial and temporal fluctuations, which were reflected 
in the variations in their dominance rankings by the 
different methods of calculation (Table 8). Species which 
were present and relatively abundant els. eye Sie Aah Al 
Stat fonse(F spinosus ,sLeptosynapta) ranked as high or 
higher by seasonal and station X season abundances 
(calculations 2 and 3) as they did by-total number 
encountered throughout the study. Species displaying strong 
seasonal abundance patterns (Cumella, Synchelidium) ranked 
lower by seasonal than by total abundance, while species 

with particularly patchy spatial distributions (Leptochelia, 


Malacoceros) ranked lower by the station X season 
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Table 8. Abundances of the dominant species in False Bay 
ranked by total number collected in 160 
samples, by seasonal abundance (calculation 2), 
and by seasonal abundance at each of ten 
sampling stations (calculation 3). 


Specicss inhi itm OkTotalmmmmnsoasona ll mStationnx= 
Abundance Abundance Season 
Rank Rank Score Rank Score 
Paraphoxus spinosus Hl 1 78 1 190 
Leptochelia savignyi 2 2 68 4 | 389 
Cumella vulgaris 3 4 43 2 485 
Malacoceros fulginosus 4 5 3] 5 349 
Anisogammarus confervicolus s) g 22 ie 130 
Transennella tantilla 6 6 31 6 287 
Leptosynapta clarki 7 5 38 3 444 
Synchelidium shoemakeri 8 ih 24 10 184 
Pontcgeneiasp.1. 9 i 18 8 ge 2 
Microspio sp. 10 8 23 af 202 


Busyllis?=sp. ded. ie) us) 8 uns} t 


te fn 


Yai e2 -$ getaoes tondlnot® @8feIs cesrebaees 
<j ‘4% thegeed Loc > odnie 2hte2. °4- bases 


’ {ssa 2 . J snot J fh8 
(ve. = . vs s277"ae 
Gianyar ~————Saaae oe 
f 7 
; Ceo Qeay _ 
i * 7 
- = ~ — — ell "3 
7. 
I ' i= £utOnGSIAS - 
ives ol fedgeoseat 7 

ca 
| ii séplay seaue o)ie 
2 
‘ t = > - © ¥ » *% 528 pen = a 
| cuisnresoines fisopmmamine. al 
: , a 

: > 3 £s Jane 

; . sek 
ej eared 
& r 1 
sf c ¢ 0! 
te ; i d 
& 7 ‘ y 


a 


35) 


8 OT azZaeyooHbt{[o 
7 Oe eTpawo jodd 
ei KH sntdor{tteo 
ST OT OC 6 STSdO}Z19BUBN 
(fake Chat 8T 6 PTTeQen 
i ae SUM TZ (OT prsseuersAy 
LV 6 ST 6 ia YR YS Ot snqzequaptijaq 
snxoyudeied 
ic mre VE 42S WG Is STIBUTAQqUN] 
8t 6 02 8 OF &S 266m SCC Ge ae e@tTauabojUod 
Gt) -O leelés 8 D CaaS eee Die, PEERS ee ES YEE his éeSTTTAsng 
LG 6 OS ae SS BOS snieuwebostuy 
COn (OC. cfeeeivae Co 00 86 Co Ml eCC Soe Com So EU Cae Ol ae eee ee otdso1iotWw 
GZ 8 LP Te Ge Th Tsk AE HAR AP WE unt pt teayouds 
Leo SG epee Cee 98 SP Ep? "CU MO TO Ct OSG Le Coca PT TeuussuelIy, 
OS "eC miGewe: Of 9° 805 7 2. Lb BS. 2 LC BOR Ci ee Clee U9 Beco Os ee 9 eC eqydeudsojday 
GG) 2 ee ee Oe Cee GS GUE BS 6660S Set eC eS Vay ee ee) ee ee ee eTTeuno 
Cee Oe OOS OF bs Ce Say Vee v2 6 SOITZD.0NC TOW 
Cla Vo mecS 2h OL eel F199 2G aLS ee e090 ee Come CeO eT Teyooqday 
LE te eOe eh OBE Ll SOE Co Or le LOS eS 2 0 Ce ee Oe snsoutds 
snxoydelied 
Sue Su S u Seu Sy tel Sal Sys asl Ss da Sard Sy st satoeds 
OT 6 8 US, 9 G v ie c T 
suot}eqs 


aqjoosg=s ‘/yuey=uy 
*(T uotTAeTnoTes) sareaKk om} JAaAO UayeQ SeTdues JYybte worlzy payxetNoTed 21am sbutyuey 
-Aegq asTeq UT uoT}#eyS YyoRa Ye satoads Juepunqe ysou usz 9Yyz JO SaduepuNqe yueY "6 eTGeL 


<7 a a +P ye 
“in ij 4 7 7) 
LS - a ? 7 - 7 ' 
: 7 - ao 
~~ a —— 
_ - 0 _ 
7 7 
: , 


~¥e8 ealat wi qGisate dosa te ealyeqe Sashener 2e6a pad one 19 shonetri eas 
144) abigeivntes) weiss vt 24 sik+ estqmes #46) 2 wei F 0B leita 6340 
scene 4 at 
‘s" - EE. 5 a a mem 
- - a = 4) } j ‘a * 2 P| Fj 
mii { O01 i el i . { Ty : “ar p” ye j nik 
mf & tc ‘a r d e | x i¢ ( 
bi co <) j U2 ‘y « ¥ te 5 i os 
= - bea 2 Ea cs 2 g t > : le ie 
i Pa a ; } “" 4 r ny E> 
‘ ht rh : f : 4 
» ’ ‘ ! ' ‘ rare 
cs ic i” : ty et 
> 7 c a? wh 
™ ey : 
Bi iv ; f a; i re 2 cr 
H 8 2 
: e 
fs 
ie 
i; 


56 


Table 10. Biological characteristics of dominant False Bay 
infaunal species. Taxonomic information is given 
in parentheses. A=amphipod, B=bivalve, C=cumacean, 
H=holothurian, P=polychaete, T=tanaid. Information 
about reproduction was obtained from personal 
observation and from Pamatmat (1968). e=eggs 
observed in brood pouches or in tubes, j=juveniles 
in sediment. 


Adult 

Length Reproductive 
Species (mm) Lifestyle Season 
Paraphoxus 
Sspinosus (A) 4 Burrower e: All year 
Leptochelia(T) 6 Tube builder e: Mar.-Dec. 
Malacoceros(P) 20 Tube builder 2: APR s—May 
Cumella(C) 3 Burrower e: Mar.-Dec. 
Leptosynapta (H) 80+ Semi-permanent burrow j: Apr.-May 
Transennella(B) 5 Epifaunal j: May-July 
Synchelidium(A) 4 Burrower e: May-Jan. 
Microspio (P) 25 Tube builder aps ike 
Anisogammarus (A) 8 Epifaunal/burrower e: May-Oct. 
Eusyllis?(P) 5 Burrower ? 
Pontogeneia (A) ie? Epifaunal e: Apr.-Nov. 
Lumbrineris (P) 90+ Semi-permanent burrow j: Oct.-Apr. 


Paraphoxus 
tridentatus (A) 6 Burrower e: Jan.-June 
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calculation. Anisogammarus, whose occurrence was highly 
seasonal and which at its seasonal maximum was numerous at 
only a few stations (1,2,3,4 and 8) ranked much lower (ninth 
and eleventh, respectively) by seasonal and station X season 
abundances than by total number encountered (fifth). 
Abundance rankings by station (calculation 1; Table 9) 
revealed some patterns of dominance which appeared related 
to the presence or absence of Dendraster. Anisogammarus, 
Synchelidium and Pontogeneia received their highest rankings 
at the sand dollar bed stations (1-4), although 
Anisogammarus and Synchelidium also ranked high at station 
er eleDpLOSynaptamranked HNignestsatestationselys2euand=3* 
Transennella, Leptochelia and Malacoceros ranked lowest at 
the Dendraster bed stations and highest at the "outside" 
Stations, except that Leptochelia ranked second at station 4 
andmlowem thanetCenth atestationes. Thesremainingespecies (PB. 
spinosus, Cumella, Microspio and Eusyllis?) showed no 
patterns of abundance which corresponded with the presence 
Sreapssnee Of sand=dollars. | | 
Analyses of variance showed significant (P<0.01) 
among-Station differences in abundances of all species 
tested, and some of this variation could be related to the 
Dendraster bed. When the sums of squares for stations were 
partitioned into the portion due to the difference between 
the sand dollar bed and the "outside" stations and the 
portion due to within-assemblage variation, the difference 


between the sand dollar bed and the "outside" stations was 
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Significant (P<0.05) for all species except Microspio and 
Eusyllis? (Table 11), but the within-assemblage variation 
was also significant for aii species. The difference between 
the sand dollar bed and the "outside" stations accounted for 
76.60% of the among-station variation for Pontogeneia, 
uO oO eet OneMalbacoceroseands5¥.25S$ 0LOneTransennella,sbut it 
explained only 3.61% of the variation for Cumella and 8.983% 
CiaLicavatlatlonecoteLeptosynapta- 

Multiple range tests also suggested patterns of species 
abundances related to the sand dollar bed, but showed that 
densities of most species often varied significantly 
(P<0.05) between pairs of sampling stations within the sand 
dollarebedsorgwithinetnes outsides groupseR. Spinosus, 
Anisogammarus, Synchelidium and Pontogeneia were all 
Significantly more abundant at stations 1-4 (the sand dollar 
bed) than at most of the nOlesIdemesStations,  althoughen. 
mopinosusuwas also Significantly more abundant at stationsG, 
Anisogammarus more abundant at station 8, and SE Oeh Er 
more abundant at stations 8 and 10 than at the remaining 
"outside” stations. Leptochelia, Malacoceros and 
Transennella were all significantly less abundant in the 
sand dollar bed and at station 8 than at the outside 
stations, except that Leptochelia was very abundant at 
Station 4. The abundance patterns of Cumella, Leptosynapta, 
Microspio and Eusyllis? were not clearly related to the 
presence or absence of Dendraster. 


Large numbers of Leptochelia were collected at station 
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Table 11. A summary of the partitioning of the sums of 
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squares for stations into between Dendraster-bed 
and other stations and within-assemblage 
components, giving the percentages of the sums of 


squares accounted for by the sand dollar bed 


comparison. Degrees of freedom for stations=9, 


between=1, 


Species 


P. spinosus 
Leptochelia 


Malacoceros 
Cumella 
Leptosynapta 
Transennella 
Synchelidium 
Microspio 
Anisogammarus 
miayiiiise 
Pontogeneia 


Statrons 


627.032 
SEs PAS 
425.788 

86.439 

50.832 
Ey BrrZ0'9 
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4 because that station was located on the edge of a tanaid 
bed. Sampling on the shoreward side of the marker stake 
collected high numbers of Leptochelia, while samples from 
the opposite side of the stake contained fewer tanaids. 
While the trough in which station 4 was located contained a 
large population of Dendraster (Table 7), I observed that 
the sand dollars appeared concentrated toward the center of 
the bay and away from the tanaids. 

Population densities of the eleven species tested 
Showed temporal fluctuations which included both annual and 
seasonal differences. Populations of all species except 
RA ocennar os were ever ccan tin (POR 0S) edn i terencean 
1975-76 than in 1977. Numbers of all species varied 
seasonally, with order-of-magnitude differences between 
population maxima and minima for most species. 

Multiple range tests for among-season differences in 
abundances revealed two basic patterns. Most species, 
including P. spinosus, Leptochelia, Malacoceros, 
Transennella and Eusyllis?, reached shells pecis Hone cies in 
the fall samples and were usually least abundant in the 
spring. Cumella, Anisogammarus, Synchelidium and Pontogeneia 
reached their peak abundances in the summer, and all but the 
last species almost disappeared from the bay in winter. 
Synchelidium populations remained elevated into the fall, 
but Cumella and Anisogammarus were numerous only in the 
summer samples. The other two species, Leptosynapta and 


Microspio, showed no clear abundance peaks, although their 


Russ 8 tc apts 402 At ésneees ae BosSess feta 
adese testen ear 7 re berate sts aX’ onl feesd 
= & whan c oe os Se Gietes hale bataerte - 
‘lass aie eds Se oats eriecege @6a 
ms ='#¢ t° gens e206 ft: _. #oupay ads etinw 

seesd0d 3c nottmivgog SgIat 

> ‘> 7) or sifet eres ed3 _ 
ab? gits 522 vew® bas gid led? : 
iuefe-«ene So) eeisianot® neieeivess 
ofl Aes of ratou'? iavegmed bewols a 

Ai prarseltlis lenczaes 


evnsposl : 


° 
+ 


ol, a | 
2f nets @F-2t@L/ We 
~3 ~ ,eitenesere ; a 


to ene t2a5ertet Snbtls Ss ch ise® Aetseeeee 


resci SID ASstaAavont .* @4"e) adcey algiaiar 
sae cw? £4 96782 sepaebregs. ‘ 
eee : 
7 &* { é fer Ot ys} aorta A prtoulome: — 


v7? 
" 
fal 
» 
é 
* 
A 
@ 
es 
~~ 
i“ 
- 
> 
~ 
e 
Pa] 
= 
me 
le 


phenepesaod ‘oc mdb oto «ees emeRmeN WEE SRRS OF 
ad dnd of4 yaanos one Al eeumehowés #eeg 2ibds badouee 
<¥e2hi~« ol. yee «2 mod) besesoqest) Gaels aeicege oe 


sds oP batryele baneen sa anoized it fori 
7 aa fa 7 ee: uaa we itr 


° ie oe . or . ae . 
ls YAOh- SUS THR 2ISwW oS : 
on are © i se | 7 


61 


juveniles were observed only in the spring samples. 

The spatial and temporal patterns in distribution and 
dominance of the major False Bay species are summarized in 
tables l2. 

For most species the station X season, station X year, 
season X year and three-way interactions were significant at 
least at the 5% level. These interactions are important 
because they suggest that not only were the spatial 
distributions of the species patchy, but that the locations 
of species' greatest densities did not remain constant. 

Shifts in the locations of patches of Leptochelia were 
most dramatic. Following a maximum density at station 7 of 
1548 tanaids/0.0lm2 in october, 1976, the population reached 
a seasonal maximum of only 454/0.01m2 there in October, 
1977, while at station 6 the population increased from a 
1976 maximum of 84/0.01m? ¢ 5 2541/0.01m* in October, 1977. 


Such shifts did not appear to be related to changes in the 


distribution of Dendraster. 


The Community 


Although the population densities of the dominant 
species varied seasonally and annually, the species 
composition of the community changed little during the 
two-year study. Of the 35 species used for multivariate 
dialysis, 260, including all li of) théesdominan ts wawerne 
encountered at all sampling times. Only one species which 


appeared as a local dominant was absent at any sampling 
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time: the amphipod Calliopius sp. was not encountered in 
May, 1977. Since the remaining species were relatively rare, 
their absence from the samples on any date probably did not 
indicate their absence from the bay. 

Cluster analysis divided the 80 samples into five 
groups which roughly represent the sand dollar bed plus 
Stationes in) fall@and winter, the sand dollar bed plus 
Stathonmomingspringmandesummer, most other stations: (5,00, 
9, 10) in spring and summer, most other stations in fall and 
winter, and high density tanaid beds (>300 
Leptochelia/0.01m?, except station 7 in April, 1976) (Figure 
6). These groupings were not rigid, however. There was some 
overlap between the seasonal groups, and stations 6 and 10 
from the December, 1975, sampling were included with the 
sand dollar bed. The samples from station 4 frequently were 
included in the "other stations" grouping, probably because 
OLmcnates tationysmilocat ionson the edge of a tanaid bed. 

The cluster analysis suggests that the fauna of station 
8 is more closely related to that of the sand dollar bed 
than to the other “outside” stations. This assumption is 
Supported by the patterns of distribution of the dominant 
species. Leptochelia, Malacoceros and Transennella, which 
were rare in most of the sand dollar bed, were also rare at 
station 8, while Anisogammarus and Synchelidium, which were 
most abundant in the Dendraster bed, were also abundant at 
Sta tvonmoms Labuewz ir 
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Figure 6. Clusters of the 80 samples of False Bay infauna. 
The five major groups, identified by circled 
numbers, are as follows: 


l=" “Outside” stationssin tall andawinter 
2- “Outside" stations in spring and summer 
3- High density tanaid beds 

4- Sand dollar bed in spring and summer 

5=) Sand) dotlar sbedain, tall andewinter 


Each sample is coded numerically as follows: 


The first number represents the year. 
Vel) 5=0.6 
Ope USSYIT! 


The second number represents season. 


1- Winter 
2— Spring 
3- Summer 
4- Fall 


The third number (two digits) represents the 
Sampiingms tations is Oye 
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components as there are variables (species). The 
Significance of each of these components can be tested 
Statistically, but it is more convenient to discuss only the 
components which can be interpreted reasonably than to 
include all components which might be statistically 
Significant (Cassie and Michael 1968). 

The principal component analysis of the False Bay data 
produced seven components which accounted for 79.8% of the 
total variance (Table 13). However, only three of these 
components can be usefully interpreted. The factor loadings 
of these three components are presented in Table 14. 
Following the method of Cassie and Michael (1968), the 
species are arranged in descending order of the elements of 
the first vector, and the highest absolute loading received 
by each species is indicated with an asterisk. Not all 
species have a coefficient marked with an asterisk, as for 
several species the highest loading was on a component not 
represented here. | 

According to Cassie and Michael, marked coefficients in 
the same vector which have like signs indicate species which 
are members of the same community. Since I sampled from a 
limited tidal range on a single beach, my samples should all 
have come from what is normally considered one community. 
Further, I studied temporal as well as spatial 
distributions sthus, this type ofsincerpreratiOn, tsmnot 
entirely appropriate to my data, but it might separate a 


"sand dollar bed community" from an “outside” community. 
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Table 13. Percentages of the total variance in population 
densities of False Bay infauna explained by 
seven principal components. 

Principal Component Cumulative % of Total Variance 
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Table 14. 


Factor loadings on the first three principal 


components of 35 False Bay infaunal species. 
* indicates the highest absolute loading 


for a species. 
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Variable (Species) PC l PCH? PC 3 
Leptochelia savignyi# 0.7630* On ont 03930 
Malacoceros fulginosus# WAS Sha Woke Ope o 
Transennella tantilla 0.4710** =-0.0411 0.1310 
Lumbrineris zonata Ores 50 S050 35,7 D545. 50% 
Protomedia zotea?# Og WeNoIO RY 8) SOR Ee =O 4 07; 
Axiothella rubrocincta# OF od OR Ue O26 -0.0020 
Nemertopsis gracilis OF 5 6 02m — Ones 7 0 O13 60 
Mysella tumida Cal Asie Ses eehes -0.0264 
Photis brevipes# Gree 20 * a= Orci. -0.0403 
Microspio sp.# Of 09517 On 0963 OF, 02487 
Amphiporus sp. OR OW SOx eme—0- 0063 0.0628 
Phyllodocidae spp. OF 07,0 eee 0003.0 0.0447 
Nebalia pugettensis 0.0574 0.0016 0.0564 
Onuphis elegans# OF 0 23929 OO Se 0.0629 
Other Nemerteans ORO: 5'0'6:* ie = 07.01.00 Ge Oueiel: 
Leptosynapta clarki 0.0433 0.0654 =i) 6 0) sre) 
Nereidae spp.# 0.0426 =O 701381 =02 010 
BUSY Sisumop. 0.0396 0.0380 05 58.50* 
Capitellidae spp. On0378 =0 0322 On Gine* 
Armandia brevis ORs ou -0.0945 OR 20 
Podoceropsis sp.# Oc 330 =O 00> 7 =(Oi0 20/5 
Oligochaetes Oe03.2:5 a0) 5B) sie) ORS sO 
GPinceardium nuttallii O03 ae 07-00 79 Om 00 9S 
Macoma spp. Onc 097 ORO Os) OF 0067 
€umelVayvulgaris 0.0042 0.3460 =O. 0686 
Paronella? sp. EA) OB) SB) = Or O22 =-0.0303 
Corophium insidiosum# =) .0069 =O Olli 0.0069 
Lamprops sp. —-0.0130 0.0348 OF Oza) 
Paraphoxus spinosus -0.0382 0.0697 -0 .1250 
Synchelidium shoemakeri =OR.0335 0.3800 = 2 
Lysianassid amphipod -0.0467 = (RO 2012 =a 
Paraphoxus tridentatus -0.0506 Oe D522 -0.2870* 
Callvopius ¥sp: -0.0756 0.1400* OV00s7 
Pontogenela sp. = (75.0 0.0478 0.0688 
Anisogammarus confervicolus -0.2440 ON 686 C5 On so 


fa oo 


i + : 
; wis Sd genid 402) seF 
~ 4 mt 7 +a oe > et s 
: - aa a) - o, 4 fy 
c heot pao betes Seeley, wenen ita | 
1 4 é _ a 
ale + £9350 COR? 2 ,eelLosge Ff 193 
; a 
- 
‘ 
7 
= ‘ 
, ; ons 
a : 
ul id 
t ; 
p 
ews - _ 
7 = p 7 f 
. . eR. . AST ee Eoop sly. 
' cont A Perea... ay lozsoos sss 


aa a ume 


evlomivaiszoc> # 
_ »s) 5 See ons or -_ a 


69 


Thirteen species have their highest absolute loadings 
Gal Vepositive)monethe first sprincipal «component. These 
Species are tubicolous polychaetes and crustaceans, bivalves 
and nemerteans, with the phyllodocids the only 
non-tubicolous polychaetes included. Nemerteans and 
phyllodocids are predators, and I have observed Nemertopsis 
gnagibiseirecding onmieptocheliagingthe slaboratory.alteis 
reasonable that these predators should be found among high 
densities of potential prey. Thus, principal component 1 
represents an association of tube builders, their predators 
and small clams. 

Dense concentrations of these tube builders do not 
occur in the sand dollar bed (except the Leptochelia at 
Station 4, as previously noted). None of the species with 
negative coefficients in the first vector has its highest 
absolute loading on that factor, but most of the species 
with negative coefficients are epifaunal or burrowing 
amphipods which are most numerous in the Dendraster bed. 

Only two species have their highest absolute loadings 
on principal component 2. Both are amphipods, Anisogammarus 
confervicolus and Calliopius sp., which are abundant only in 
the summer. Thus, this vector reflects a seasonal factor 
rather than a spatial "community". 

Four of the five animals whose highest absolute 
coefficient occurs in principal component 3 are burrowing 
polychaetes, or at least polychaetes which do not possess 


obvious tubes, and may represent a burrowing polychaete 
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association which is separate from the association of tube 
buildersvas Woodin) (1974, 1976) predicts. However, this 
group does not appear to be excluded by the tube builders, 
but rather is associated with some of the stations where 
Malacoceros and Leptochelia are most abundant. 

The principal component analysis can be interpreted 
alternatively by considering the species which have the 
highest absolute coefficients in each vector (i. e., 
considering the highest loadings by columns rather than by 
rows), determining their distributions, and from this 
information forming hypotheses about environmental factors 
which each vector might represent (Sprules 1977). Principal 
component 1 is most heavily loaded on Leptochelia, 
Malacoceros and Transennella, which occur predominantly at 
sites outside the sand dollar bed (except that they are 
scarce at Station 8). This component represents the 
Separation between Dendraster and tube builders. The species 
Contgidbuting most to PEINCI pale componente ceare 
Anisogammarus, Cumella and Synchelidium shoemakeri, species 
which are most abundant in the summer samples and rare in 
the winter samples. Thus, principal component 2 represents 
seasonal variation. The third principal component overlaps 
somewhat with principal component 1. The species which 
Contribute thesmostytooityare Leptocheliay |Eusylliseland 
Lumbrineris zonata,; with positive coefficients, sand 
Paraphoxus tridentatus with a negative coefficient. P. 
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is one of the dominant species (Table 9). The other three 
Species are rare at these locations. Thus, this component 
may represent an environmental difference between the more 
exposed stations at the mouth of the bay and other stations 
nearer its head. 

Discriminant analysis completely separates the four 
Groupse (sand *dollam=bed@in fallfandswinter, “sand dollar bed 
in spring and summer, "outside" stations in fall and winter, 
"outside" stations in spring and summer), and the separation 
ofeeache group fromeall others @is@statistically significant 
at the 1% level (Table 15). Two of the three canonical 
variables provided by the analysis account for 98.9% of the 
total dispersion. The 80 samples are plotted in relation to 
those variables in Figure 7. Clearly canonical variable 1. 
represents season, while canonical variable 2 represents the 
Spatial separation between the sand dollar bed and the other 
sampling stations. The samples from station 8 fit into 
groups 3 and.4 and do not appear to be more appropriately 
classified with the sand dollar bed samples, nor do the 
high-density tanaid bed samples appear as outliers more 
appropriately placed in a separate group, as the cluster 
analysis had suggested. 

The species which contribute significantly to the 
separation of the groups are listed in Table 16. Included in 
this list are the dominants P. spinosus, Cumella, 
Malacoceros and Eusyllis?, whose spatial and temporal 


distributions have already been detailed (Table 12). The 
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Loo tom Seamer MaAt Th ixeles ting the Sepanacionworeroures: te— 
season groups of the False Bay samples, based 
on discriminant analysis. Group l=sand dollar 
bed in fall and winter. Group 2=sand dollar 
bed in spring and summer. Group 3=other 
stations in fall and winter. Group 4=other 
stations in spring and summer. 

Degrees of freedom=8,69. 
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Table 16. A summary of the discriminant analysis of the 
False Bay data, giving the proportions of the 
total dispersion explained by the three canonical 
variables and the species and their coefficients 
used to calculate these variables. 
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Total Dispersion 0.64500 0.98949 1200000 
Canonical Correlations Ong 2712 OF 387 5:46 Oke 0123 
Variable Coefficients for Canonical Variables 
Paraphoxus spinosus Pee) IL Ee) Lye OW ee aZ 1 43174 
Cumella vulgaris —-1.92976 -0.34678 0.32545 
Malacoceros fulginosus On 7 186te— 1495085 0.744305 
Eusyllis? sp. | Note Wee an ASA 
Armandia brevis . pe 1995 012808 lS 
Paronella? sp. ARS Ome ae 2a Ogle) 
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Figure 7. The 80 samples of False Bay infauna plotted in 
relation to canonical variables 1 and 2. 
Numbers indicate locations of the group means. 


The groups are identified as follows: 


l= Sand dollar bed in fall and winter 
2- Sand dollar bed in spring and summer 


3- Other stations in fall and winter 
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4- Other stations in spring and summer 
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remaining species important to the separation are rare in 
most samples. Mysella tumida, a bivalve, is associated with 
the tube builders Leptochelia and Malacoceros (Table 14). 
Armandia brevis, a burrowing polychaete, shows a strongly 
seasonal abundance pattern, which has been described by 
Pamatmat (1966, 1968) and Woodin (1974), being absent from 
all but one of the summer samples. Although Armandia was 
Significantly more numerous inside than outside the 
Dendraster beds surveyed in Chapter II, it did not show this 
distributional pattern in False Bay. Paronella?, an 
interstitial polychaete, is very rare in all samples, with a 
maximum density of 2.5 individuals/0.01m2, but is most 
regularly encountered in the samples from stations 8 and 10. 
Corophium insidiosum, a tubicolous amphipod, and Lamprops 
sp., a burrowing cumacean, are also strongly seasonal, 
occurring primarily in fall and winter samples. Lamprops is 
associated with stations 1-4. 

Although there was no a priori reason for including 
station 8 with the Dendraster bed stations, making the 
statistical test of the separation of the groups invalid 
(Green 1971), I did the analysis again including the samples 
Gromecvacion eeinegroups 1 and 2. This#modiftication @aiso 
resulted in an apparently complete separation of the groups, 
with the station 8 samples fitting well into groups 1 and 2 
and not seeming misclassified. The first two canonical 
variables accounted for 97.9% of the dispersion. The plot of 


the samples in relation to canonical variables 1 and 2 
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changed little from Figure 7, although the group centroids 
were shifted. The list of species contributing significantly 
to the separation was changed, with Eusyllis?, Paronella? 
and Mysella being replaced by Anisogammarus confervicolus 
and Axiothella rubrocincta. The latter is a tubicolous 


polychaete which was never encountered at stations 1, 2, 3, 


4 and 8. 


DemDiscussion 

Cangemtemporalmtluctuations@in population densities 
apparently are common in benthic communities. Anderson 
(1972) found seasonal variations in the population densities 
of the dominant intertidal species in Morecambe Bay on the 
Irish Sea, while Moore (1978) noted seasonal shifts in the 
distributions of intertidal macrofauna in the Lower Mersey 
Estuary, U. K. Frankenberg and Leiper (1977) described 
order-of-magnitude density changes after six years and 
seasonal changes as great as three orders of magnitude in 
subtidal benthos. Green and Hobson (1970) reported a 
two-order-of-magnitude increase over one year in the density 
of a spionid polychaete. 

Spatiall structure characterized by’ the patchy 
distributions of dominant species also appears typical of 
soft sediment intertidal habitats. Anderson (1972) reported 
lange vaniationssinginfaunal densities tateaggivensshore 


level and felt the reasons for such variation were not 
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readily apparent. Green and Hobson (1970) measured 
significant differences in numbers of three abundant species 
among contiguous 6.0-m squares. 

Both spatial and temporal factors, characterized by 
numerical fluctuations rather than by changes in species 
composition, have emerged as major forces in the structure 
of the False Bay infaunal community. Population densities of 
some species varied as much as three orders of magnitude 
among Sampling stations and showed seasonal changes of two 
orders of magnitude, but the dominant species occurred at 
Weastwoccastonallysatvallesampling stations and tingall 
seasons. 

Population maxima of most of the dominant species not 
only fluctuated during the two years of this study but also 
differed from the obServations of Pamatmat (1966, 1968). 
Although all of the eleven dominants were present during the 
earlier study, peak densities of P. spinosus, Leptochelia, 
Cumella and Anisogammarus recorded in the present survey 
were one to two orders of magnitude higher than those 
reported by Pamatmat. However, since sampling techniques and 
microhabitats sampled in the two studies differed, it is 
impossible to conclude that there has been any long term 
trend toward population increases. 

It is perhaps surprising that the species composition 
of False Bay has remained so stable. Eagle (1973) reported 
faunal changes in the unstable mud of Liverpool Bay, 


characterized by loss of species washed out by turbulance 
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and their replacement by available larvae. On a smaller 
scale, Johnson (1970) noted changes in faunal composition in 
Tomales Bay, California, with replacement of some dominant 
Specireseat® TOMoEe25 Sites s Ll ldidinotsobserveseventthisatype 
of change, although the locations of greatest abundances of 
some species changed during the two years. 

The spatial structure of False Bay is, in part, related 
to the presence of the Dendraster bed. The infauna of the 
bed (stations 1-4, Figure 5) is demonstrably different from 
that of the other sampling sites regardless of temporal 
fluctuations (Figures 6 and 7). It is characterized by 
relatively high densities of burrowing and epifaunal 
amphipods, =particularly ®Peespinosus, Anisogammarus, 
Synchelidium and Pontogeneia and (with the exception of the 
tanaid bed at station 4, which appeared to abut on rather 
than occur in the sand dollar bed) reduced numbers of 
Transennella and of tube builders, particularly Malacoceros 
“aie Tastee (Table 12).. The paucity of these organisms 
in the sand dollar bed was observed on the other Pacific 
Northwest beaches reported in Chapter II. 

Environmental differences alone are inadequate to 
account for faunal differences between the Dendraster bed 
anadsthes"outside stations. Although=organic Content, 
sediment grain size and sorting coefficients are 
Significantly different in the Sand*dollar bed*®thaneat the 
other stations, the differences are so small that they may 


not influence faunal distributions. Pamatmat (1966) felt 
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that differences in sediment grain size among the stations 
which he sampled were unimportant in determining the 
distributions of the False Bay infauna. In the present 
study, the coarsest sediments were found at station 8 and 
the finest at stations 2 and 3, but these locations have 
Similar fauna (Figure 6). 

The distributions of tube builders are also important 
to the spatial structure of the bay. Principal component 
analysis suggested a distinguishable assemblage composed of 
tube builders, their predators and small bivalves. This type 
of assemblage has been predicted by Woodin (1976), who 
theorized that small epifaunal bivalves which brood their 
young should reach their highest densities among tube 
builders. The most abundant bivalves in False Bay, 
Transennella tantilla and Mysella tumida, brood their young 
and occur in the upper 1-2cm of sediment (Pamatmat 1966; 
Ghapterelv)s 

The .principal component analysis can also be 
interpreted as suggesting that the tube builders in False 
Bay represent an environmental factor. Several authors 
(Fager 1964, Mills 1967, Rhoads and Young 1971, Young and 
Rhoads 1971) have provided evidence that tube builders do, 
in fact, modify the environment, stabilizing the sediment, 
increasing spatial complexity and altering median grain 
size. Thus, tube mats provide habitats for organisms which 
could not survive in the unmodified sediment. 
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12) and in Chapter II and experimental evidence (Chapter IV) 
Suggest that high densities of tube builders cannot coexist 
with sand dollars, Dendraster alone do not control the 
distribution of the False Bay tube mats. For example, 
locations of the highest density concentrations of 
Leptochelia changed during the two years of this study, but 
no alterations in the distribution of Dendraster were 
observed which could account for the change. 

Shifts in locations of mats of Leptochelia may result 
from summer migration or mortality. Pamatmat (1968) observed 
large numbers of tanaids floating on the water during the 
Summer. I have seen the same phenomenon and observed that 
tanaids held in the laboratory left their tubes and came to 
the sediment surface when the seawater inflow was 
inadvertently shut off. During summer low tides heat stress 
and/or anoxia must force Leptochelia to the sediment 
surface, where they are caught by the incoming tide and 
trapped by. their hydrophobic carapaces in the surface film. 
Mortality of these individuals must be high, but perhaps a 
few survive to be carried to different locations where they 
may build new tubes. Regardless of their fate, such animals 
are removed from the original tanaid bed, contributing to a 
population decline at that site. 

Reduced numbers of tube builders and increased 
densities of motile amphipods may also occur in the absence 
of Dendraster. Both cluster (Figure 6) and discriminant 


analyses suggest that station 8 has faunal affinities with 
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the sand dollar bed, including reduced numbers of 
Leptochelia and Malacoceros and high densities of 
Anisogammarus, Synchelidium (Table 12), and Paraphoxus 
tridentatus (Table 9). 

Station 8, located nearest the mouth of the bay, is the 
most exposed of the ten stations. Its mean grain size is 
significantly higher than that of any other station (Table 
5), Suggesting that wave action is strongest there. Thus, 
the habitat at station 8 may undergo frequent disruption due 
to wave action, while similar disruption may occur in the 
Ssandedol larsbedsduesto Wendraster Ss burrowing (Chapter sl V)r 
Although the reasons for instability differ, the net result 
at stations 1-4 and station 8 should be similar, creating an 
SnvluEonmenta nawhiichecubespDUulldersSetinds it. dlifficudteto 
exist. 

Elevated numbers of amphipods at station 8 suggest that 
the high numbers of amphipods in the Dendraster bed could be 
due to lack of tube builders rather than any positive 
association with sand dollars. Paraphoxus spp. are 
burrowers, which may be competitively inferior to tube 
builders as Woodin (1974) described for polychaetes. 

Thus, it appears that both sand dollars and tube 
builders play major roles in the structure of the False Bay 
infaunal community. While the tube builders provide 
microhabitats for some organisms, the role of Dendraster in 
creating such habitats is less clear. However, the sand 


dollars are important because they limit the distribution of 
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tube mats and in this manner control the patchiness of 


microhabitats available to other infaunal species. 
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IV. An Experimental Evaluation of the Role of Sand Dollars 


in the Intertidal Community 


A. Introduction 

Experimental field studies have revealed that 
competition and bioturbation are much more important in the 
structuring of soft sediment communities than had previously 
been believed. Woodin (1974) demonstrated competition for 
Space between tube-building and burrowing polychaetes, while 
Petersen (1977) showed interference (and suggested spatial 
competition) between the ghost shrimp Callianassa 
californiensis and the bivalve Sanguinolaria nuttallii. Orth 
(1977) found that disturbance of the sediment by cownose 
rays resulted in the loss of both individuals and species of 
infauna from a sea grass community. Wiltse (1977) noted that 
the presence of the moon snail Polinices duplicatus reduced 
the numbers of individuals and species not only of its 
molluscan prey but of polychaetes as well. She suggested 
that the loss of polychaetes resulted from the physical 
disturbance of the snails' burrowing. Virnstein (1977), 
studying predation on infauna by crabs and fish, was unable 
to eliminate disturbance of the sediment by the foraging 
activity of these predators as a cause of mortality. Woodin 
(1978) found that disruption of the sediment by horseshoe 
crabs (Limulus polyphemus) and blue crabs (Callinectes 
Sapidus) resulted in reductions in both the number of 


species and abundance of infauna, but demonstrated that the 
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tubes of the polychaete Diopatra cuprea provided the smaller 
infauna with a refuge from this disturbance. 

I have observed (Chapter II) that reduced numbers of 
tubicolous polychaetes and crustaceans occurred in areas 
dominated by sand dollars on ten beaches, and I have 
observed (Chapter ifl)i@that on oneVintertidal sand flat the 
faunal assemblage of a sand dollar bed is demonstrably 
different from the fauna not associated with sand dollars 
but is similar to that of a station characterized by wave 
disturbance, and that this difference has existed for at 
least two years. 

The following experiments were designed to test for 
interactions between Dendraster and infaunal species and to 
elucidate the mechanisms of these interactions. 

Disturbance of the sediment by sand dollars may 
adversely affect infaunal species which live at or above the 
depth to which sand dollars usually burrow. Species which, 
when disturbed, are slow to reburrow should be most severely 
affected. Both laboratory and field observations were used 
to determine the depth distributions and burrowing rates of 
selected infauna from False Bay. The depth to which sand 
dollars burrow and turn over the sediment was also measured 
in both the laboratory and the field. 

To test whether observed infaunal distributions are 
actually due to negative interactions with Dendraster, sand 
dollar densities were manipulated by exclosure of animals 


from sand dollar beds or transfer to areas where Dendraster 
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had not previously been found. 


B. Burrowing Behavior of False Bay Fauna 

Methods and Materials 

The burrowing behavior of sand dollars and of the 
smaller infauna was observed in both the laboratory and the 
field. These studies included depth distributions of the 
animals in the sediments, their burrowing rates and the rate 
of sediment turnover by sand dollars. 

The depths to which sand dollars burrow in the field 
was observed on a low aiewad ving mid-summer. A plastic 
ruler was pushed into the sediment until it contacted a sand 
dollar. The margin of the test reaching the greatest depth 
was identified, and the distance from this point to the 
sediment surface was recorded. When each measurement was 
completed, the animal was dug up to prevent its being 
remeasured. 

The distance which sand dollars move during a 24-hour 
period was measured uSing the method of Ebert and Dexter 
(1975). At low tide a stake was placed in the sand dollar 
bed and all Dendraster within a 1.5-m radius of the stake 
were removed. One hundred animals were marked with nail 
polish and placed around the stake. On the following day's 
low tide all sand dollars within a 2-m radius of the stake 
were collected. The distances from the stake of all marked 


and unmarked animals were recorded at 0.5-m intervals. The 
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mean distance travelled in 24 hours was calculated from the 
Frequency distribution. 
Sand dollar movement was also measured by a second 


method. Four 1.0-m2 plots in the sand dollar bed were marked 


with stakes. A 0.25m? quadrat subdivided into nine squares 


was placed successively in each quarter of each plot. Sand 


dollars were located by probing the sediment with fingers. 
Their positions were recorded on grids representing each 
1.0m? plot with its 36 subdivisions. This procedure was 
repeated on four successive days. The minimum distance that 
the animals had moved each day was calculated as the minimum 
displacement of the sand dollars from their arrangement on 
the grid at day d required to produce their arrangement on 
day d+l. Animals which appeared in or disappeared from the 
quadrats from day to day were assumed to have done so by the 
most direct route. Mean displacements for each plot were 
calculated daily. 

An experiment was designed to illustrate the effect of 
sand dollar burrowing on turnover of the sediments. A 
0.09-m? plastic aquarium was filled to a depth of 8cm with 
sediments from False Bay. A 2-cm wide stripe of white sand 
(Sand'Art, Top Drawer, Inc., Newport, Oregon) was placed 
across the center of the aquarium at the sediment surface. 
Similar stripes of green, blue and yellow sand, 
respectively, were placed at 2-, 4- and 6-cm depths. Twelve 
sand dollars were added, and the aquarium was maintained for 


four days with constantly flowing sea water, except that the 
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water was drained to the sediment surface for two-hour 
periods at 24-hour intervals to simulate low tide. 

The experiment was repeated using a 0.lm2 aquarium 
containing only five sand dollars. In this case, colored 
sand was obtained by spray-painting dried False Bay sediment 
with Fiesta Spray Enamel (Roxalin International, Toronto, 
Ontario). A cross of painted sand was placed at the sediment 
Surface, and 0.5-cm deep layers of different-colored sands 
were layered with untreated sediment at 2-cm intervals to a 
depth of lOcm. The experiment was maintained in flowing sea 
water with daily "low tides" for one week. 

Depth distributions of the other infauna in mid-summer 
were measured by taking sediment cores with a circular 
sampler (surface area: 40cm2) to a depth of lOcm. Each core 
was subdivided at 2-cm intervals. A total of 15 cores were 
taken, five each from stations 2 and 3 (Figure 5) and five 
between stations 6 and 7. Infauna were preserved and 
recovered as described in Chapter II. Data from all samples 
were pooled, and the percent of aecn species occurring at | 
each depth interval was calculated. Due to taxonomic 
problems at the time of this experiment the spionid species 
and the two species of Paraphoxus were not separated. 

The burrowing rates of common infaunal species were 
measured in the laboratory. Sediments were collected from 
False Bay and held in flowing sea water at 12-13C for no 
more than 3-4 days. As they were required for tests, animals 


were gently sieved from the sediments. Only intact, 
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apparently healthy animals were used. This requirement meant 
that several species of small crustaceans could not be 
tested, as it proved impossible to extract them undamaged. 
All animals were tested in flowing seawater at 12-13C. The 
larger animals (adult Leptosynapta, Transennella and the 
polychaetes) were tested in clear glass bowls filled to a 
depth of 8cm with the sediment from which the animals had 
been extracted. Smaller organisms (juvenile Leptosynapta and 
amphipods) were tested in 2-cm deep petri dishes filled with 
sediment. Sediments in the test vessels were changed daily. 
Timing began when the animal being tested was placed on the 
sediment surface and terminated as soon as the animal 


disappeared below the surface. 


Results 

In the field Dendraster burrowed to a maximum depth of 
6.0cm. The mean depth at which sand dollars were found was 
2.9+0.2cm. At other locations Dendraster may burrow more 
deeply. Chia (1969) reported sand dollars 10cm below the 
sediment surface at Alki Point, Seattle, Washington. 

Ninety-four of the 100 marked sand dollars were 
recovered within 2m of the stake. Of these, 69 were within 
the 0.5-m radius, while only two had travelled more than 
1.5m. The mean distance travelled by Dendraster in 24 hours 
was 42cm. Ten unmarked sand dollars were found within 1.5m 
Cbethemstake me includangmtOure@wathine the 0s>-me radius. 


Possibly some of these animals represented Dendraster which 
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had lost their marks. 

The undisturbed sand dollars moved less than did those 
which had been placed near the stake. The overall average of 
the minimum distances that all of the observed animals were 
assumed to have moved was 14cm/day. The average distances 
calculated for each plot on each day are summarized in Table 
14. While some of the Dendraster travelled at least 0.5m 
between low tides, one individual appeared not to have moved 
in 24 hours, and one did not move during the entire 
three-day study. 

Since the former method overestimates the rate of sand 
dollar sceipyeys while the latter method underestimates it, 
the actual average rate of Dendraster movement must fall 
between 14 and 42cm/day. 

Sediment turnover by sand dollars appeared similar in 
the two experiments. Within 12 hours of the beginning of the 
first experiment with 12 sand dollars, the white stripe had 
completely disappeared, and grains of white sand were. 
distributed over the entire surface of the aquarium. Within 
72 hours, green sand grains (from 2cm deep) appeared at the 
sediment surface and during the next day were distributed 
toward the ends of the aquarium. Colored sand from 4cm and 
6cm never reached the surface, and these deeper stripes 
appeared undisturbed. Within twenty-four hours of the 
initiation of the second experiment with five sand dollars, 
colored sand from the surface cross was well distributed 


across the sediment surface. At 60 hours, colored sand from 
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Table 17. Means and standard errors of the minimum 
distances moved by False Bay sand dollars on 
three successive days. Values are given in 
centimeters. Sample sizes are recorded in 
parentheses. 


“EWP al Day 2 Day 3 
ikea ak ibSey (ORS) siageh (CMs) U2 2a UD) 
Plot 2 UG 12o weeny) 2a ome) ~15+4 (6) 
Mikes, tk 3 7( 8) aK@nesh (Coy) 22a mo} 


Plot 4 eae eS ) ot eel ee S) 


re 


> 27 » yebonSe fre encom 
Ze [eS 436 Beves gennetelb 
tee fVPG evi eStsove on tie  - 

“oer alive .&: ei3zaes ; 
ee ee irl ee | 


92 


the 2-cm level had reached the surface. By this time the 
sand dollars had aggregated in one corner of the aquarium, 
where they remained for the duration of the experiment. 
After 7 days, the 2-cm layer of colored sand had been 
obliterated in the area where the Dendraster were aggregated 
but remained visible in the rest of the aquarium. Colored 
sand from 4cm had been brought up to the 2-cm layer and 
surface sand had been carried down to 2cm in the immediate 
area of the sand dollars. 

Although sand dollars apparently burrow somewhat more 
deeplyeine thesrictdmchan wing theslaboratory, thesobservations 
described here suggest that Dendraster is capable of turning 
over at least the top two and probably the top 4cm of 
sediment. 

The depth distributions of 1l infaunal species are 
compared with the mean and maximum depths of distribution of 
Dendraster in Figure 8. Only two of the polychaetes 
apparently dwell deep enough to arena sand dollars. 

Figure 9 shows the burrowing rates of the infauna 
tested. Male and female Leptochelia are represented 
separately, as their methods of burrowing are different. 
Females burrow rapidly, head first, and apparently build 
their tubes after they have disappeared below the sediment 
surface. Males move into the sediment tail first, picking up 
sand grains with their chelae and building tubes around 
themselves as they burrow. 


The larger, deeper-dwelling species are generally the 
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Figure 8. Depth distributions (by percentage of the 
population) of benthic organisms from 
False Bay. Lines represent the mean and maximum. 
depths at which sand dollars are buried on 
a summer low tide. 
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Figure 9. Burrowing rates of benthic fauna. Values 
presented are means and 95% confidence 
limits of times required for animals to 
disappear below the sediment surface. 
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Slowest burrowers. Transennella burrows rapidly once it 
extends its foot and begins to probe the sediment, but these 
clams apparently were disturbed by handling and remained 
Closed for up to an hour after they were placed in the test 


vessels. 


C. Faunal Manipulations 

Methods and Materials 

Densities and distributions of sand dollars were 
manipulated by confining or excluding the animals with 
cages. The same cage designs, sampling procedures and 
orrier tea treatments of the results were used through most 
of the experiments. Any variations from the general 
Procedures outlined here will be noted when the experiments 
in which they occur are described. 

Cages were constructed either of aluminum mesh with 
diamond-shaped pores, 2cm at their greatest dimension 
(1975-76 econ nentey or of half=inch hardward cloth 
(preliminary and 1977 experiments). All cages were topless, 
50cm on a side by 20cm high. They were sunk into the 
sediment to a depth of 10cm and secured with stakes at 
diagonally opposite corners. 

Experiments were run for a maximum of 2 months, since 
it proved impossible to keep cages intact for longer than 
this period. 


Infaunal samples, unless otherwise stated, were 
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collected to a depth of lOcm with a 0.01-m? corer. Samples 
were taken at Teast 8cm from the sides of cages to avoid 
edge effects. They were preserved and sorted as described in 
Chapter II. 

Results of caging experiments were assessed using 
analysis of variance, followed, when warranted by 
Significant treatment effects, by Student-Newman-Keuls 
multiple range tests (Snedecor and Cochran 1967). When 


Bartlett's tests revealed significant deviations from 


normality, the data were transformed using 1In(x+l). 


Preliminary, Experiment, False Bay 

In August, 1974, the infauna of the False Bay sand 
dollar bed (near station 2) and of a Dendraster-free area 
(near stations 5 and 7) were sampled with three circular 
cores, 40cm? X 10cm deep, taken randomly at each location. 
The samples were fixed in 10% formalin and stained with rose 
bengal and eosin Y for at least three hours before washing 
andesoncung 

Two cages were erected in the Dendraster-free area. 
Sixteen adult sand dollars (the maximum density measured in 
the bed) were placed in one of the cages, while the second 
cage served as a control. After six days the infauna of the 
cages were sampled with three 40-cm* cores as previously 
described. 

A list of the most common infaunal species encountered 


with their mean densities in the presence and absence of 
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Dendraster is illustrated in Table 8. 

One-way analyses of variance followed by multiple range 
tests indicate that Leptosynapta, Transennella and spionid 
polychaetes are reduced in both the Dendraster bed and in 
the experimental cage as compared with the Dendraster-free 


area and thefcontrol cage. 


False Bay Experiments, , 1975-1976 

In the spring and summer (April-August) of 1975 and 
1976, I conducted a series of Dendraster-transfer and 
exclusion experiments. All experiments included cages with 
sand dollars (the test cages for transfer and controls for 
exclusion experiments), empty cages (the test cages for 
exclusion and controls for transfer experiments), and 
ecage-Lrree, controleplots. fn mostecases;ethe Bsand dolliar® 
cages contained three Dendraster each, the average 
number/0.25m2, based on the population densities at stations 
ipeoe and 3 (Table 7). A maximum Ofesix Dendraster/cage was 
used in one experiment. 

These experiments (whose results are summarized in 
Appendices 1-5) failed to reproduce the results of the 
preliminary study. Population densities of Transennella and 
the spionid polychaetes were not reduced in the presence of 
Dendraster. The effects of sand dollars on Leptosynapta were 
inconsistent. All experiments showed strong caging effects. 
Numbers of Leptosynapta, Transennella, Cumella and 


Anisogammarus were significantly reduced in cages compared 
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Population densities of dominant infauna 


encountered in the preliminary experiment 
at False Bay. Values represent means and 
standard errors of three replicate 


Table 13% 
40cm2 
Dendraster 

Species Bed 
Leptosynapta CPi eae 
Transennella 0 
Paraphoxus 

spp. 15 0780 Fe 9 
Anisogammarus 38.3+12.7 
eynehne Midtumee ls 748454 
Cumella eye ip ise) 
Leptochelia OF 7 +8023 
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Spionidae spp. 0 
Onuphis Osa CNS 


Nemertopsis 0 


MELOCMECOLES + 


Dencraster- 


Free Area 
SOM cr ey are! 


12.0+ 3.5 


365.7439 .9 
35 .0+13.6 
pt aot 


103.3+13.1 


+ 1.0 


+ 1.5 


Dendraster 


Cage 
Ibe Woe Bir 


5.3+ 1.9 


263.7414.9 
1it0+ noes 
5.34 1.4 
15.3+ 4.8 

0 

0 
1O87+82%2 
1.3+ 0.3 
a+ B03 
4.7+ 2.4 


0) 


Control 
Cage 


33.0+ 4.6 


126320 


240.0+34.8 
24.7+ 4.8 


ies 


+ 0.6 


+ 1.4 


aa 24 5 Nee 
. = om 
a ~ : 
. 


ai. 3 ino> %@ 2eko@enet actoelagoy 
’ _ } ene nt bet, 4A0reoRNs 


; >3 Feviav Lye ot itt: af 
P : tee, 3 7a? ; > che 5a 
oe e208 moti Zz * 9908 - 
’ "a 
Zz a — -_ —_ — a 
‘ ark a os ? "aa a 
— — a i. = ——_ ————- a 


. 
* 


Poe: 


_~s e 7 ; a’; = Tr © lweE, Be cwlammspoe laa 


: ; etal t.> +¢;02 quibtiensaver 
_ 


101 


with cage-free control plots, while Pontogeneia were more 


numerous in cages than in controls. 


Helsegeayesx periments e197 7 

The results of the 1975-1976 experiments suggested that 
sand dollars might have no significant effects at the low 
densities used, at least over the short term of these 
experiments. Alternatively, since Dendraster habitually 
aggregate the effects of low densities of the echinoids 
might be limited to a portion of a cage and appear only as 
high within-cage variance. 

An experiment was therefore designed to test the 
effects of increasing densities of sand dollars on infaunal 
popurationsavodxaedensitvesmofesandadollarsa(0,46, 12; 224, (48 
and 96 animals/0.25m2) were caged in a tanaid bed near 
Station 7 (Figure 5). The experiment was replicated in five 
blocks. Since it had proved impossible to eliminate caging 
effects, the impact of cages was held Gonstank,; and the 
population densities of infaunal species caged with 
Dendraster were compared with their densities in cages 
without Dendraster. The cages remained in place for two 
weeks in July; then four 100-cm2 cores were taken from each 
cage, and the infauna were identified and enumerated. 

Population densities of species among treatments were 
compared with analyses of variance and covariance, using the 
number of Dendraster as the covariate. The relation of 


increasing densities of Dendraster to the variance of 
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infeunal densities was tested with regression and 
correlation analyses. 

Most of the dominant False Bay infaunal species were 
affected by varying densities of Dendraster. Analysis of 
variance revealed significant effects on all species tested 
except the deep-burrowing polychaete Lumbrineris zonata 
(Table 19). Analysis of covariance produced significant 
regressions of Transennella, Paraphoxus, Leptochelia, 
Spionids and all tube builders on sand dollar densities, 
(Figures, 10,5 ll, el2)),, indicating direct vesponsiveness of 
these species to numbers of Dendraster. The density of 
Pontogeneia was significantly reduced only in the presence 
of 96 Dendraster, while the numbers of Synchelidium and 
Eusyllis peaked at intermediate densities of sand dollars. 
The responses of Leptosynapta and Cumella showed no 
interpretable patterns. 

li ate low densities sand dollars aggregated in one 
section of a cage and did not move enough to affect the 
whole area, their effect should have been patchy and should 
have increased the variance of the infaunal counts. Higher 
densities of sand dollars would have covered the entire cage 
area, producing a more even effect, and the variance should 
have decreased. Thus, the plot of variance against 
Dendraster density should have produced a unimodal curve 
with a maximum at relatively low densities. However, this 
pattern was not observed. The relation of the variance in 


tanaiadrcounts to, the density -ofesand dollars “(Figure 13a) is 


7. - 
ve = 


; Tey i an : he 
> pay Aly hwrtede iow coisiened ‘I 


: 
~ 7 aq % . e@ 
& estat Sreasmed oa 
c SO N2ere ack 
{ 
as 
5 re = 7. 
= 
a, . 4 re 
y ~ jae 
ee 4 
g C v2 4 
soisezit 


rhe ; 
neva son6 
a. 
seb sid @ge0xe *, 
ae 


a 


5; #asuerd 


7 
‘ ° . A tz cco nod 
: 10st] BF Jo 
ine). 1) ae 
5a sa96 elt ieets 
c Reeqadas? Sma 
tT°9778qQ @14e2es7 765 
tiacs z sievasd wer te. 43 
* — 
’ | : ’ 4 : id  }r) & ae % or32 < r. 
7 - 
- ro] iT. 
jong’ ova Birete dies vied Z 


- 


, +? ef. Bi anne sey al Gesawront esd 


pew 2741424 SULa 
ons. , nite pooe efen 6 OF 


sig ade ent Vb 
- 


$ 8916 alo 
. 


5 Ps 
io esis iesnes 


S 


toubeatg, 7 


7 - ) eee 
vSeet Loe wy ot 


_ 


103 


( 


¥¥l8° 9D 


¥%¥98°S7C 
¥¥VO°CD 
Pas YG 
8E°O 
¥6T°E 
¥¥ITl°9 
COIS EY IL 
¥¥6S° OT 
¥¥8S°L 
oe O Lec 


80T‘’S) 4 


Ome 


Pale 
To°T 
genie 
© Sal 
alg) ih 
Ear 
L Ome 
SHA” i 
vot 
Comal 


d SW 


(LUG G° 69 Cm OSil, MOTE Lele 
S55 GONG mec o Syst) OP teks 
wr (aA Velo 6° 60T Sy eho Seine 
eg) Laaeg 8° 8 Vance Gg 
Siac ties Ome Vat Omee 
Gmc est, Cas Cm, Ops 
Lame, Cac i 6° oT Sat B°S 
res Vales DUG Omve Va C 
oS E4328) GAGE Gras lt Te CaL 
ES o's ES MS) ae) 
Sees Caey) Cases Omeo v°v 
96 8U VC ct 9 


abep/ieqyseipuseq jo Jaqunn 


CLV, SlepTing 
eqnL TeIOL 
8°Sg #°dds sepruotds 
v°CveE #etTayoo day 
g9°9 éeSstpTTAsng 
STISUTIQqUNY 
eT Teun) 
wntptteyouds 
etTauabo quod 
tT ‘dds snxoyudeiedg 
eT [euuosueiy, 
eqdeuAsoqjday 


0 satoeds 


quar 


Aeq 


*STapTIng aqnq saqzeoTpuT # (TO°O>d¥x *S0°O>d¥) “ee }ep pawsAOFsuedtjq—-ulT 
SYOOTQC pazrwopuei UT adueTIeA Jo sasATeue WOIZF pauTte4yqoO 919M S10119 
peienbs ueouw ay, °*19aq9Seipueq jo satytsuap burAizeA oF aAnsodxa 1aqyzFe euNejzut 


asTeq paqZoaetes jo (estdues 


Cc 


w-TO°O/STewurtue Jo Asqunu) SaT}Isuep UeXW °6T PTOeL 


ee) | ) | | — 
Ca | 


a 
a. ¢ be 
yee pelcl botosine Yo (alqmse “a-10.0\2elemin6 to tedwuny- asi ianoh d 
Bes ean wit -39Jab 30 i 30 SL aeee pntyrav of 6tn2dGke 319256 en ink 

Wilw gisold harine 66h AL eonalvevy ft) aveylane mov) benisyio-etew, a7 

aisbiind efuz aestestitiad @ (19,059"* 9 c0.079%). 58986 temo teney: sat 


: v 
7 
— eee A — — -_— - — — = 2) el 
— “ T? Pr 5 +t.) * > + hgue 
= Kd (a0 “5 i + ae aa 7% oe } 6 
7 = 
id meade ee —_ a — < he as le 
es) a 
ens .° r j a ral f i . 6. t Aye 
ae ge. ' ie 7 Ve 3 i. go4 i: 5 tt 
Be. fi ce eet eee. | Che ER cor 8 ee 
Ot ; ‘ va .* yo : “Te t ay 
a? , ( pa Fr. ' P) Poa a | 
. { - re ty sa a | 
«ot ia . <9 
cf 3 = ft 
; bis : si Seat 
r ra o - SE TL«4 
rt ‘he 


wu 


104 


7 
_ 
1 
34 
oO _ ’ 
<—- 
4 —- 
4 
aud ” “ih. 
= ? y  » ae < 4 ~ l= ‘464 c = of OF f re 7 
Noi uo? 42s ase ad Citiexsatieisy aril ( bart 
DAS B26:70n023 sil bennee iT 30 AolSecens 
= me -_ ——s —_ aes eae = > 
- ly We 2 BK ve bas ao beeed , tox e07bis 
: ev) 6 arrest a s78e0le 2e7n! Sean i tad vs 


ia 
ai TRAC 

ri) 

‘4 

| aa] 

4) 

r 

- 

L 


Pa WURE 


S 
7 

, 

i ana ——— i mp Ge) > be @ e . ——e at boil - 
29 4? ia 7 oe. - 


MIRISER of CENCE AETHE ' 


Figure 10. The relationship between the population 
densities of Transennella tantilla and 
Dendraster, based on the 1977 transfer 


experiment. Points plotted are means in five 
replicate cages. 
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FUG UiGomtl ts 


The relationship between the population 
densities of Paraphoxus spp. and Dendraster 
based on the 1977 transfer experiment. 
Points plotted are means in 

five replicate cages. 
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Figure 12. The relationship between the population 
densities of tube-building species and 
Dendraster, based on the 1977 transfer 
experiment. Points plotted are means in five 
replicate cages. 
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Figure 13. The relationship between the variance in the 
population densities or Leprochellassavignys 
and Dendraster. 
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typical of the pattern observed for most species. The curve 
Shows no increasing phase; rather, the variance decreases 
Steacuive(andmisesignif tcantliyecorrelatedswith weincreasing 
densities of sand dollars. Since the mean density of tanaids 
USsmoecredc ingmat thesSame shimmer (higures sl? spethiserelation is 
probably due to the correlation between mean and variance 
which is a statistical phenomenon of the contagious 
distribution of these animals. When the tanaid counts are 
log-transformed to remove the correlation between mean and 
variance, the correlation between variance and the density 
of sand dollars also disappears, but no unimodal curve is 
produced (Figure 13b). Even at low densities, Dendraster 


must be affecting the entire cage. 


Rancltioning ythe bitects of sDendraster 

Sand dollars may reduce the densities of infauna either 
by occupying space and making access to the surface 
unavailable to other animals, or by disturbing the sediments 
and) making ft) ditficult) for other species to maintain their 
positions. In an attempt to determine by which mechanism 
Dendraster exert their effect, I conducted the following 
experiment at False Bay. 

Three blocks of four cages were placed in the tanaid 
bedunear station 7, about 10m fromethe ‘site mof ther previous 
experiment. The treatments included empty control cages, 


cages containing 48 live Dendraster, cages containing 48 


cleaned Dendraster tests, and empty cages which were 
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disturbed by hand. The experiment remained in place for two 
weeks. Once a day during the first week, when the low tide 
exposed the cages, the "disturbed" cages were stirred by 
hand to a depth of approximately l0cm to simulate sand 
dollar burrowing. Since the tides of the second week were 
not low enough to expose the cages, the "disturbed" 
treatments were not stirred. On the fourteenth day, three 
samples were taken from each cage. 

This experiment failed to separate a spatial effect 
from a disturbance effect of Dendraster on most species 
(Table 20). The densities of all tube builders, with species 
both pooled and considered separately, and of Cumella and 
- Pontogeneia were lower in cages with live sand dollars than 
iimanyeotie mauneacncney DUC a Lhe? menumbens) wenemnot 
Significantly different in either of the other cages than in 
the controls. Paraphoxus spinosus, Lumbrineris and 
Axiothella were not detectibly affected by any treatment. 
Synchelidium populations increased in both the "disturbed" 
and live sand dollar cages, but the "disturbed" treatment 
was not significantly different from either the sand dollar 
CORmeehemCOncLoOlmereatments. 

Some separation of the type of effect on Leptosynapta 
and Transennella was observed. These species were 
Signatiecantly redaicedsin the presencesolLsbothelivessand 
Gollars and cleaned tests, but not in the “disturbed™) cages. 
For Transennella, but not for LeptoSvynapta, “the “test” 


effect was significantly, differents inom eithergtne live sand 
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dollar or the "disturbed" treatment. This result suggests 
that Dendraster occupies space which might otherwise be 
inhabited by Leptosynapta or Transennella. However, the 
addition of the tests itself may have created a disturbance 
for which there was no control. Therefore, the "test" effect 
could have been due to disturbance rather than occupation of 
Space, although lack of effect in the "disturbed" cages 


suggests that this possibilitys#isvtunlikely. 


Effect of Dendrastern onsSediments 

The effect of Dendraster on the grain-size distribution 
of the sediment was studied in the following manner. Six 
cages were placed between stations 6 and 7. Three sand 
dollars were placed in each of two cages and six sand 
dollars each in two more cages. The remaining two cages 
served as controls. These cages were constructed of the 
aluminum mesh with diamond-shaped pores. After one month, 
one-circular-core (40cm? x 10cm) was taken from each cage 
and from each of two cage-free control plots. The cores were 
subdivided at 2-cm intervals. The sediments were dried and 
sieved. 

Differences in sediment grain size among treatments 
were analyzed by split-plot analyses of variance and 
sStudentized range tests. The percentage of particles greater 
than 5004m diameter was used to calculate the statistic, as 
my preliminary observations suggested that the presence of 


these larger grains was the major difference between sand 
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dollar bed and sand dollar-free sediments. The percentages 
wevemcranstormedsusing the square root of (X+1/2) prior to 
analysis. 

The addition of Dendraster produced a significant 
(P<0.05) effect on sediment grain size distribution. The 
percentage of particles greater than 5004m varied 
Significantly with both treatment (presence/absence of sand 
dollars) and depth. The depth X treatment interaction was 
also significant. In general, there was an increase in the 
percentage of coarser sand grains found at greater depths 
(Gla Deer? Ie)e, 

DRnemnceasOnmlonetmismchandeminmgrain Size sdaistri purion 
is unclear. Finer particles may have been transferred from 
deeper sediments by the sand dollars' burrowing activity and 
then lost from the sediment surface. However, since caging 
alone alters the sediment particle-size distribution in the 
Same direction as the addition of sand dollars (although not 
significantly), the change in the Sediments may’ also have 
been effected by alterations in current patterns caused by 


both cages and sand dollar. tests. 


Orcas Experiments, 1975=19,7a 

The interactions between sand dollars and infauna were 
observed on two beaches in East Sound, Orcas Island (Figure 
14). The infaunal community at Ship Bay was sampled in June, 
1975, and faunal manipulations were conducted there in 1975 


and 1976. In July, 1977, the Buck Bay community was sampled, 
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Table 21. Percentages of sediment particles >5004m 
diameter observed in the Dendraster-transfer 
experiment in False Bay, 1975. 


Cage + 3 Cage + 6 
Depth No Cage Empty Cage Dendraster Dendraster 
2cm £225 4.45 36 0) 4.00 
4cm tao =) 4.20 475 oars!) 
6cm 4.50 370 5 2K0) 4.15 
8cm 4.25 4.40 a5 He 5 76 
10cm Spaces) 5.00 ales) Th es{ Os) 


Split-plot analysis of variance of sediment 
particle size distribution (\fx+i/2 
transformation). (*#2<0.05:) **P<0.01) 


Treatment df > Shs MS F 
Treatment | 3 etsy NO slblags! BIR SPAS h as 
Gagem( Error, #1) 4 O70 510 0.014 -- 
Depth 4 O27 93 Oe98 Oro 
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Figure 14. Mapeolebastmcound, sOrcaSmistand, mWasaing pols 
showing the locations of the field experiments 
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and experiments were continued there that summer. 


The Orcas Communities 

The sand flat at Ship Bay is partitioned among three 
dominant macrofaunal species, sand dollars (400 
predominantly adult animals/m2), the tubicolous polychaete 
Mesochaetopterus taylori, and the bivalve Tresus capax. The 
three species appeared by visual inspection to form discrete 
patches, although some areas of overlap were observed. 

The tide flat at Buck Bay is similarly partitioned 
between Dendraster (462 animals/m2, about 50% of which are 
juveniles) and Mesochaetopterus. There are large patches of 
sand not occupied by either species, but Tresus is rare in 
these patches. 

The infauna were sampled with five 0.0l-m2 cores taken 
from each type of patch at each of these sites. Since 
deep-dwelling fauna were present, these samples were taken 
to 15cm. 

As noted in Chapter II, tube-building organisms appear 
consistently less frequently in samples from the sand dollar 
beds than in any other samples, but no species appears 
consistently over-represented among the Dendraster (Tables 
22 and 23). However, several species, particularly Exogone, 
cirratulid polychaetes, and Pinnixa, appear associated with 
Mesochaetopterus. When an unfixed sample was gently washed 
in seawater to examine the living infauna, I observed that 


Exogone and the cirratulids attach their tubes directly to 
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Table 22. Mean densities and standard errors per 0.0l1m2 
of dominant Ship Bay infauna. D=Dendraster bed, 
M=Mesochaetopterus bed, T=Tresus bed 
# indicates tube builders. 

Species D M i 

Mysella tumida 0.8+0.4 Tir. 2 tame 61 4.6+1.7 

Leptosynapta clarki 0 0 0 

Cumella vulgaris splene Ns) 6 0 tas. O 8.2+3.4 

PaAnnixa: Sp. 0 1228 more U 0 

Leptochelia savignyi# 0.4+0.4 49.4+10.1 0.2+0.2 

Corophium acherusicum# 0 Ti. 0 tamOre 0.2+0.2 

Ampelisca agassizi# 0 0 0 

Exogone sp. # 0.6+0.2 218 .0t25 66 2.6+1.4 

Cirratulidae-sp.# 0.6+0.4 Ei Olrah eons ees) 0.6+0.2 

Spionidae spp.# Die Oe D0 tales Q) 0.4+0.2 

Nereidae spp.# 02640. 2 Pheserae Athi) D> 0s0)-3 

Owenia fusiformis# 0 0.4+ 0.2 OT 240-2 

Nephthys caeca 0.2+0.2 Oia? Os G2 2402 

Scoloplos armiger roid, Taek yk Oey Pe ks 2 0.4+0.4 

Glycinde polygnatha 0 ieee Ne Oat 2 

Armandia brevis 0.2+0.2 0 2.4+0.9 

Mediomastus capensis 0.6+0.2 2970 tmeOn” 41.4+6.4 
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Table 23. Mean densities and standard errors per 0.01m2 
of dominant Buck Bay infauna. D=Dendraster bed, 
M=Mesochaetopterus bed, O=other patches 
# indicates tube builders. 

Species D M O 

Mysella tumida Sy lareysic SUAS Sas yeis) Behe shoe) 

Leptosynapta clarki 0 SeUer thos 0 

Cumella vulgaris Dc tlee Onie Meotlae she | oer [hs 6 

Pinnixa sp. 0 Aeelas Mba, 0 

Leptochelia savignyi# 2-Ate lO Epes (Owe, Wx. U5 

Corophium acherusicum# 0 0.4+ 0.2 tee 250) 

Ampelisca agassizi# 0 0 6:8 OR Ses OO bgt 

Exogone sp.# 0.8+ 0.49 9 121.4+49.9 91.84 0.6 

Giiaracthy ndacws pit 0 250 +105. 6 0 

Spionidae spp.# 0 Use Back  Waleas Hot! 

Nereidae spp.# 0 eae KOs) OS2s> W52 

OQwenia fusiformis# 0 PP a oes 251 

Nephthys caeca 0-440. 2 130+ 0:23 Paar O57 

Scoloplos armiger aceevee dhs dk 0 ZO Gee al 

Glycinde polygnatha 0.8+ 0.4 Smee Oats Sie hey S 

Armandia brevis Rete Sacte) iSciae S57 0.4+ 0.2 

Mediomastus capensis 0.4+0.2 sor a=) Ieee ee 50S t/ 
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the Mesochaetopterus tubes. 


Faunal Manipulations 

In July, 1975, a transfer experiment was conducted at 
Ship Bay, using the aluminum cages with diamond-shaped 
pores. Eight cages were placed on a section of the sand flat 
occupied by Mesochaetopterus. Four cages were placed in the 
sand dollar bed. The presence of numerous shell fragments 
made it impossible to sink these cages more than 5cm into 
the sediment. The number of Mesochaetopterus tubes in each 
cage was recorded. All sand dollars were removed from the 
cages; then 40 adults were returned to each of the cages in 
the Dendraster bed, and 40 adults each were placed in four 
of the cages in the polychaete bed. Two weeks later, eight 
Similar cages were placed in the clam bed. The number of 
Tresus siphons observed in each cage was recorded, and 40 
adult sand dollars were added to each of four of the cages. 
“After four weeks (six weeks after the beginning of the 
polychaete eros airene the sand dollars were removed from 
each cage and counted. The numbers of Mesochaetopterus tubes 
and Tresus siphons in each cage were recorded. The changes 
in numbers of polychaetes or bivalves with and without sand 
dollars were compared by Student's t-tests. 

The number of Mesochaetopterus was significantly 
(P<0.05) reduced in the presence of Dendraster. Tubes 
disappeared from three of the four cages containing sand 


dollars, while the number of tubes increased In all cages 
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without sand dollars. Apparently Dendraster both prevents 
settlement of recruits and adversely affects established 
polychaetes. However, rather than indicating reduced numbers 
of Mesochaetopterus, the observed difference could have been 
due to reduced visibility of tubes, if Dendraster only 
caused the loss of the portions of the tubes which normally 
protrude above the sediment surface. 

None of the other comparisons yielded significant 
results, but fewer than the original 40 sand dollars 
remained in all cages containing Mesochaetopterus and Tresus 
(losses ranged from one to 12 animals/cage, except that 20 
disappeared from one cage in the Mesochaetopterus bed which 
pulled loose, allowing the sand dollars to escape), while 
animals were lost from only one cage in the sand dollar bed. 
Empty tests showing evidence of predation by birds were 
ebserved in cages containing clams. Sand dollars did not 
appear buried as deeply in the presence of bivalves and 
polychaetes.as they were alone. Thus, there is a suggestion 
that sand dollars may be excluded bs polychaetes and 
bivalves. 

In June, 1976, an exclusion experiment was conducted at 
Ship Bay. Eight cages were placed in the sand dollar bed. 
All sand dollars were removed and counted. Eighty adults 


2 


(the mean number per 0.25m“) were returned to each of four 


cages. Sand dollars were excluded from the remaining cages. 
After eight weeks, one sample (0.02m- X 15cm) was taken from 


each cage and from each of four randomly-selected uncaged 
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sites in the sand dollar bed. Samples were preserved and 
Sorted as previously described, except that the animals were 
Stained with rose bengal to facilitate sorting. Differences 
in population densities of infaunal organisms were compared 
by one-way analyses of variance. 

Two species, the tubicolous polychaete Owenia 
fusiformis and a gastropod Alvinia sp., which had not 
previously been encountered in the Ship Bay sand dollar bed, 
appeared following the removal of Dendraster (Table 24). 
Alvinia remained so rare that the difference between the 
exclusion and the remaining cages was not statistically 
Significant, but the difference for Owenia was significant 
at the 5% level. No other individual species was 
Significantly increased by the removal of sand dollars, but 
densities of the polychaetes Armandia brevis and Magelona 
sp. were significantly lower in all cages than in the 
uncaged controls. Most tubicolous species nine had been 
observed in the Mesochaetopterus bed appeared so 
infrequently that their numbers were not analyzed 
statistically; however, the pooled counts of all tube 
builders (crustaceans, polychaetes and phoronids) were 
significantly higher in the Dendraster-removal cages than in 
either of the other treatments (P<0.01). Pooled counts of 
all motile crustaceans (amphipods, cumaceans, and crabs) 
were Significantly higher in the cages containing sand 
dollars than in the empty cages or cage-free plots (P<0.05). 
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Table 24. Treatment means (number/0.02-m2 sample) from 
the Dendraster-exclusion experiment at Ship Bay, 
Orcas Island. The mean Squared errors were based 
on one-way analyses of variance. The ANOVA of 
total tube builders was based on ln-transformed 
data. (*P<0.05; 
# indicates tube builders. 


No 
Species Cage 
Mediomastus 
capensis 5s 2 


Armandia brevis 29.8 


Magelona sp.# fe 0 


Owenia 
fusiformis# OO 
Alva ae Sp. O50 


Total Bivalves | 70 


Total Motile 
Crustaceans 260 


Total Tube 
Builders Ti ste 


Dendraster 


Cage 
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experiment at Buck Bay. Since currents at this site caused 
rapid destruction of the standard cages, the caging design 
of this experiment had to be altered. Only one lm X 2m cage 
was used. It was constructed of 1/2" hardware cloth pressed 
10cm into the sediment and was supported on all sides with 
rocks. After eight weeks, 16 samples (10 X 10 X 10cm) were 
taken from this cage and from an adjacent lm X 2m control 
plot. I assumed that the effects of the cage would be in the 
Same direction, but not necessarily the same magnitude, as 
those produced by the cages of the previous studies. 
However, Since there was no control for caging effect, the 
results of this experiment must be considered tentative. 

Differences in infaunal densities between the removal 
cage and control plot were compared using t-tests. The 
tubicolous amphipod Ampelisca agassizi, and the polychaetes, 
Qwenia, Nephthys caeca and Glycinde polygnatha were all 
significantly (P<0.05) more numerous in the sand dollar 
removal cage than in the control plot (Table 25). The 
density of Armandia brevis was lower in the removal than in 
the control plot, but based on the results of the experiment 
at Ship Bay, this difference may be a caging effect rather 
than a positive association between Armandia and Dendraster. 
Neither the pooled total of tube builders nor of motile 
crustaceans was significantly different in the two 
treatments. 

The variance in the total number of tube builders was 


extremely high because some of the control samples contained 
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Tabler 25. 


Island. Values represent numbers of 


animals/0.0lm2 sample. (*P<0.05, **P<0.01) 
# indicates tube builders. 


Species 


Ampelisca agassizi# 

Owenia fusiformis# 
Platynereis bicanaliculata# 
Mediomastus capensis 
Nephthys caeca 

Scoloplos armiger 

Glycinde polygnatha 
Armandia brevis 

Total Tube Builders 


Tube Builders except 
Platynereis 


Total Motile Crustaceans 


Total Bivalves 


Exclusion 


Control 


O.1+ 0.1 
0.2+ 0.1 
19.1+10.8 
2.1+ 0.6 
1.0+ 
1.8+ 0.4 
1.4+ 0.4 
17.9+ 3.5 


31.74+14.8 


12.6+ 5.1 
8.3+ 1.1 


38 .1+22.8 


Oren 
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Treatment means and standard errors from the 
Dendraster-exculsion experiment at Buck Bay, 


Orcas 
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large sheets of ulvoid algae to which were attached the 
tubes of Platynereis bicaniliculata. Ten or more worms might 
be attached to a single sheet (about 100cm2) of algae, and 
there were as many as 142 Platynereis per sample. Spionid 
polychaetes and the amphipods Corophium acherusicum and 
Photis brevipes were also present on the algae, and in some 
cases their tubes appeared attached directly to the nereid 
tubes. Not all samples which contained algae had high 
densities of Platynereis, but the tube builders were absent 
from samples which lacked algae. These organisms, then, do 
not represent part of the sand dollar bed fauna but must be 
considered accidentals which were carried there with the 


drift algae. 


D. Discussion 

The depth at which an organism lives determines its 
susceptibility to surface disturbance agents. Species which 
live near the sediment surface are most susceptible to 
predation by crabs and fish, while those which dwell deep in 
the sediment or which can retract quickly are least affected 
(Virnstein 1977). Animals whose tubes lie at depths of 
sediment disturbed by blue crabs and horseshoe crabs 
succumb, while those whose tubes penetrate more deeply 
escape this source of mortality (Woodin 1978). 

I have demonstrated that sand dollars disturb the 


sediments. In “the Waboratory, their burrowing can turn’ over 
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at least the upper 4cm of sand, but in the field they affect 
the grain size distribution of the sediment to a depth of 
10cm (Table 21). This action should affect animals living in 
at least the upper few centimeters of sediment. 

The behavior of an organism should influence the way it 
responds to sand dollars. A species which is slow to 
reburrow should suffer more severely if overturned than 
would a rapid burrower. Tube builders, which must repair 
damaged tubes, should suffer from disturbance even though 
they might reburrow quickly. On the other hand, motile 
Crustaceans, particularly epifaunal species, might not only 
resist disturbance by Dendraster but might respond 
positively to sand dollars by taking refuge among them. 

Most of the species commonly encountered at False Bay 
reside primarily or exclusively in the upper 3cm of sediment 
(Figure 8). Leptosynapta, Transennella and Leptochelia 
(particularly the males) are also relatively slow to 
reburrow (Figure 9). These species, with the spionids which 
must rebuild their tubes after burrowing, should suffer most 
severely from bioturbation. 

As predicted, the densities of Transennella, 
Leptochelia and the spionids, as well as the combined totals 
of all tubicolous species, declined with the addition of 
inccveasingedensities ofssandidoliars® (lablesd> ey Tthesdecper 
burrowing Lumbrineris and Eusyllis? did not respond 
negatively to Dendraster. 


Removal of Dendraster from the two Orcas Island sites 
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reaffirmed their negative effect on tube builders (Tables 24 
and 25). The total numbers of all tube builders and the 
numbers of OQwenia in particular increased at Ship Bay, while 
the densities of Ampelisca and Owenia increased at Buck Bay 
after exclusion of sand dollars. 

Owenia appears particularly ill-suited to coexisting 
with Dendraster. I was unable to induce any of these 
polychaetes to abandon their tubes. They attempted to 
reburrow while still in the tubes but remained half-exposed 
at the sediment surface after 12 hours. Although the adults 
of this species may be large enough to penetrate the 
sediment below the influence of Dendraster, juveniles which 
must live nearer the sediment surface should not be able to 
establish themselves in sand dollar beds. Indeed, Owenia did 
not occur in either Orcas Island sand dollar bed (Tables 22 
and 23), and with the exception of one individual at Buck 
Bay, all the Owenia which appeared following the removals of 
Denurastér at both sites were juveniles. 

In general, the responses of individual species to the 
addition or removal of Dendraster were consistnet with their 
observed distributions in the Pacific Northwest (Chapter 
II), as well as in False Bay (Chapter III). Transennella, 
Leptochelia, Malacoceros, Ampelisca and Glycinde, which were 
less numerous inside than outside the sand dollar beds, 
responded negatively to Dendraster (Tables 19, 20, 25). 
Cumella and Leptosynapta, whose distributions in False Bay 


apparently were affected less by sand dollars than by other, 
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undescribed factors (Table 11), responded inconsistently to 
themadditionmoftmpendraster e(Tablesl Wand 6209. 

Increases in populations of species following the 
removal of Dendraster were no doubt determined not only by 
the organisms' initial incompatability with sand dollars but 
also by the availability of recruits. Opportunistic species, 
with high recruitment rates and many reproductions a year, 
are usually the first to colonize any newly-opened patch. 
Owenia fusiformis and Ampelisca abdita are among the 
opportunists which McCall (1977) lists as settling in 
defaunated mud placed in Long Island Sound. QO. fusiformis 
and wal different species "of "Ampelisca, A. agassizi, “appeared 
following the removal of sand dollars at Orcas. 

The response of motile crustaceans to Dendraster was 
not consistent. At False Bay Synchelidium increased at 
intermediate densities of sand dollars (Table 19). At Ship 
Bay the total number of motile crustaceans, including crabs, 
amphipods: and cumaceans was higher in cages containing sand 
dollars than in empty cages (Table 24). However, the latter 
result was not repeated at Buck Bay (Table 25), and 
populations of two False Bay amphipods, Paraphoxus and 
Pontogeneia, decreased at high densities of Dendraster 
(Table 19). Since numbers of Synchelidium also increased in 
hand-disturbed cages (Table 20), this species may have been 
responding tcomchanges "in tsedimentestabi lity or to the 
removal of a competitor rather than responding directly to 


sand dollars. 
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Types of Interactions of Sand Dollars with Infauna 

Sand dollars differ from other organisms which disturb 
the sediments in an important way. The rays, moon snails, 
fish, blue crabs and horseshoe crabs whose effects have been 
BSspocrtedm(Ortheloy7,  wWiltsemlo77pavinnstelnelo7 weewoodin 
1978) are all epifauna which pass through an area causing 
transitory disruption. Although sand dollars are capable of 
travelling at least 0.5m in 24 hours, left undisturbed they 
may move only a few centimeters in several days, and a sand 
dollar bed may persist on the same portion of a beach for 
years. Thus, Dendraster more-or-less permanently occupy 
Space in the sediment and may compete with the infauna 
rather thanesimply ¢disrupting them. 

The occupation of space by sand dollars may have 
important consequences for at least some of the infauna. 
Numbers of Leptosynapta and Transennella were significantly 
reduced by the addition of empty tests as well as by live 
Dendraster (Table 20). Transennella and newly-recruited 
Leptosynapta are confined to the upper 2cm of sediment where 
they may be out-competed for position by a dense population 
of sand dollars. Although tube builders failed to respond 
Significantly (‘to ‘theseempty testsptthey may tnoteberablesto 
compete successfully for space with Dendraster. Leptochelia 
built their tubes on top of the empty tests, but they could 
not build tubes on live sand dollars. 

In one of the experiments at Ship Bay, Mesochaetopterus 


densities apparently decreased following the addition of 
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Sand dollars. Since the tubes of these polychaetes penetrate 
too deeply into the sediments to be overturned by 
Dendraster, the sand dollars must have affected the worms in 
Some other manner, perhaps by overlying the openings of 
their tubes and denying them access to the sediment surface. 

Hand disturbance did not significantly reduce infaunal 
populations, although the numbers of most species in the 
hand-stirred cages were lower than in the control cages. 
Virnstein (1977) similarly noted that hand disturbance had 
‘little effect on most infauna and suggested that foraging by 
crabs might cause more severe disruption than he was able to 
simulate. Becatse my hand-stirring was a transitory rather 
than a continuous disturbance, it may have been less severe 
than burrowing by sand dollars. Further, the populations in 
the disturbed cages had a week to recover before they were 
sampled. Species adapted to life on a sand beach, where the 
sediment is regularly disturbed by wave action, should be 
able to recover quickly from mild transitory disturbances. 

The results of the Renae cores and empty-test 
treatments were intermediate between the effects of live 
sand dollars and control cages, and only the live Dendraster 
had@a statistically significant etfect yon thesdens itlesmor 
most species. These results suggest that sand dollars affect 
the infauna both by disrupting the sediments and by 
SOCCUDYINGuspace. 

It is also possible that sand dollars may exclude some 


species by a method not investigated here, perhaps by 
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consuming larvae or juveniles. Timko (1975) found that 
Dendraster will accept a wide range of food items, including 
brine shrimp and their own (Dendraster) larvae, but she did 
not report either larvae or juveniles of benthic 
invertebrates as components of sand dollar gut contents. 
Chia (1969) included "limbs of small crustaceans" among 
Dendraster's gut contents, but did not report the proportion 
they comprised. I looked at the gut contents of six 
Dendraster each from False Bay and Buck Bay and could not 
find either larvae or, apart from one nematode, fragments of 
benthic invertebrates. 

Thus, Dendraster should be considered a Superior 
competitor for space in the intertidal, rather than a 
predatar or a transitory disturbance agent similar to 
Wiltse's (1977) Polinices or Woodin's (1978) Limulus and 
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V. General Discussion 

A rigorous definition of a community is impossible 
to provide (Mills 1969). Rather, marine ecologists are 
beginning to view the community as a spatial and temporal 
mosaic (Johnson 1970, Levin and Paine 1974) in which part of 
the community undergoes perturbation without any immediate 
effect on the surrounding areas . Thus, patches are formed, 
creating environmental heterogeneity and interrupting 
natural successional sequences. In such communities 
opportunistic species, which would be excluded by a dominant 
Spatial competitor, are able to persist. 

Some authors have attempted to model this type of 
community. Levin and Paine (1974) have predicted rates of 
patch formation and closure. Woodin and Yorke (1975) have 
emphasized the persistence of species, describing a system 
in which different organisms occupy large patches, from 
which neither can evict the other in the absence of 
disturbance, but one species can invade and grow if 
introduced to an unoccupied patch. This type of community 
cannot persist without perturbation. 

The False Bay and Orcas Island communities, as well as 
the sandy beaches in Washington and British Columbia which I 
have investigated, are characterized by patchiness. Sand 
dollar beds, of course, are patches. Tube builders are also 
patchily distributed, and there are areas of sand not 


occupied by either Dendraster or tube mats. 
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Both the observational and experimental evidence 
Presented here indicate that tube builders and their 
associated fauna occur in reduced numbers in sand dollar 
beds. The tubicolous crustaceans Corophium spp., Ampelisca 
agassizi and Leptochelia savignyi, the spionid polychaete 
Malacoceros arenicola, and the bivalve Transennella 
tantilla, as well as the total number of tube builders, were 
all significantly (P<0.05) less numerous inside than outside 
the sand dollar beds on the ten beaches sampled (Chapter 
II). Similarly, Leptochelia, Malacoceros fulginosus and 
Transennella were consistently less abundant inside the 
Dendraster bed than at the “outside” stations during the 
two-year False Bay study (Chapter III). Numbers of 
Transennella, Malacoceros and Leptochelia, as well as the 
pooled totals of all tube builders, decreased significantly 
with increasing densities of Dendraster at False Bay, while 
‘Ampelisca, the tubicolous polychaete Owenia fusiformis and 
the total numbers of tube builders increased significantly 
following the removal of sand dollars at the two Orcas 
Island sites (Chapter IV). 

There is also some suggestion that sand dollars have 
difficulty invading tube mats. The mortality rate of 
Dendraster transferred to patches of Mesochaetopterus tubes 
was higher than in the sand dollar bed, and the Dendraster 
appeared to have difficulty burrowing among the tubes. This 
impression is supported by the experiments of Backman 


Gl97 70, who soundsthat Dendraster, could “not burrow “in “the 
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rhizome mat of Zostera marina but could invade areas from 
which the eelgrass had been removed. Sand dollars may also 
be limited by smaller tube builders. Highsmith (1977) 
observed that the survival of newly-metamorphosed Dendraster 
was Significantly reduced by the presence of Leptochelia. 
Although adult sand dollars are capable of eliminating 
Leptochelia, apparently recruitment of Dendraster into 
tanaid beds is unlikely. Thus, a dynamic equilibrium of the 
type described by Woodin and Yorke (1975) may exist between 
sand dollars and tube builders. 

The presence of tube mats appears to be a major 
structuring force on the beaches described in this study. 
Menyeauthorsm (Hager 1904), eM isis 41967 ;sRhoads sand sYoungm)9 ay, 
Young and Rhoads 1971, Woodin 1976) have discussed the 
importance of tube builders in providing habitats for other 
organisms, and this function was observed here. 
Mesochaetopterus provides a ieee ae other tube 
builders and a habitat for small bivalves. The 
Leptochelia-Malacoceros association in False Bay also is a 
habitat for small clams. The Mesochaetopterus beds may 
function more broadly as a refuge from Dendraster or other 
sources of disturbance as does Diopatra cuprea (Woodin 
1978). Several species of small tube builders which were not 
abundant elsewhere were observed among, but not attached to, 
the Mesochaetopterus tubes. Conversely, abundance of 
tubicolous polychaetes reduces numbers of burrowing worms 


(Woodin 1974). Burrowing amphipods are less numerous in the 
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tube mats in False Bay than elsewhere. 

Since tube mats provide habitats for some species while 
limiting the distributions of others, the causes of their 
patchy distributions are of major importance to the overall 
structure of the sand beach community. Disturbance by 
burrowing organisms including snails and crabs (Wiltse 1977, 
Woodin 1978) and washing-out due to turbulance during storms 
(Mills 1967, Eagle 1973) can create patches in tube mats. 
However, tube builders can resist or recover quickly from 
some types of physical disturbance. McGrorty et al. (1976) 
Found that although the visible effects of hovercraft on the 
sand in their flight path were marked, no species, including 
spionid polychaetes, was significantly more or less abundant 
in the flight path than in adjacent areas. Similarly, 
Leptochelia and Malacoceros were not affected by my hand 
disturbance. 

Sand dollar beds are less important than tube mats as 
structuring forces in that. they do not consistently provide 
habitats for other organisms, and there is nothing which can 
be recognized as a "Sand dollar bed community." However, the 
burrowing polychaete Armandia brevis is significantly more 
numerous in sand dollar beds (Table 2), and numbers of this 
species apparently decreased following the removal of 
Dendraster at Buck Bay (Table 25). In some instances (False 
Bay and the experiment at Ship Bay, Orcas) motile 
crustaceans appear more numerous in association with 


Dendraster than elsewhere, although in False Bay the 
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burrowing amphipods are also more numerous in a site 
characterized by wave disturbance, where tube builders occur 
in reduced numbers. Since Woodin (1974) has shown that the 
numbers of Armandia increase following the removal of tube 
builders, the abundance of both this polychaete and the 
False Bay amphipods may be due to the lack of competing tube 
builders rather than to any positive response to sand 
dollars. 

The major role of Dendraster in the intertidal sand 
flat community appears to be that of a dominant competitor, 
which occupies space and disturbs the sediment sufficiently 
to prevent the establishment of tube mats and their 
associated fauna. 

Transfer experiments (Tables 18 and 19) suggest that 
sand dollars are also capable of functioning as disturbance 
agents to open patches in mats of small tube builders. Such 
disturbance should occur if sand dollar beds shifted 
seasonally, as Morin pereonen communication) observed in 
subtidal beds, or when a few sand dollars moved to areas 
outside a bed, as I observed in False Bay, or when 
individual Dendraster were washed out of the bed by waves 
and then returned, as their trails on the sediment surface 
at several sites indicated. However, the effect of a few 
Dendraster's moving and remaining in a new area only briefly 
might be negligible, as at least Leptochelia and Malacoceros 
are able to recover quickly from mild, transitory 


disturbances. 
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The intertidal sand flats studied can be characterized 
as the temporal mosaics described by Johnson (1970), Levin 
and Paine (1974) and Woodin and Yorke (1975). Mats of tube 
builders with their associates are patchily distributed in 
time and space. Sand dollars are important in this system in 
that they contribute to the patchiness by their behavior of 
congregating in beds and to the extent that they limit the 
distur purionwof »mcrmopenspacches in, amatsmoletubicolous 


species. 
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Appendix 2. Treatment means (number/0.01-m2 sample) of 
important False Bay infaunal species obtained 


in the June, 
experiment. 
in the nested analyses of variance. 
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Appendix 3. Treatment means (number/0.01-m2 sample) of 


important False Bay infaunal species obtained 
in the August, 1975, Dendraster-exclusion 
experiment. The mean Squared errors were 
obtained from one-way analyses of variance. 
(7D Or 05 ae * P <i 0.19) 
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Appendix 4. Treatment means (number/0.01-m2 sample) of 
selected False Bay infaunal species obtained 
in the June, 1976, Dendraster-exclusion 
experiment. Means for Leptosynapta were 
calculated from ln-transformed data. (**P<0.01) 


No Dendraster Empty 


Species Cage Cage Cage MSE FeG22 0) 
Leptosynapta PAW 10 BS) a® 49 .0 Brees 5.9 4** 


Spionidae spp. 6.9 SA) Teak 60.4 0.07 


i; gen sre I6937T .0 & /Oneaga 
€ 531¢5 Yégoul ot | 
rat sue ads al : 
3 r a - 7194 1 10086 

' e w> . liaise 


willy, a ie —— a -~e 


; ae 0,05 SIG SAYEOSS 2 let 
ey n 2 a.2 99s ae - 
hes 


4 — 


EE 


——— a oo ee 


Appendix 5. 


Species 


Leptosynapta 


Transennella 


Nebalia 


Leptochelia 


* ANOVA not 


154 


Treatment means (number/0.0lm2_sample) of 
selected False Bay infaunal species observed 
in the August, 1976, Dendraster-exclusion 
experiment. The mean Squared errors are 
based on factorial analyses of variance. 
(P< Ons0rL) 
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